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CONTROL OF TARGETED TURNOVER OF
KEY ETHYLENE HORMONE SIGNALING
PATHWAY PROTEINS TO MODULATE
ETHYLENE SENSITIVITY IN PLANTS

BACKGROUND OF THE INVENTION

The phytohormone ethylene is a signaling molecule that
regulates numerous physiological processes throughout the
life cycle of plants, including responses during germination,
flower and fruit development, as well as the response of the
plants to a variety of environmental stressors, such as drought,
heat, excessive salinity, and disease (see, e.g., Chen et al,
2005, Annals of Botany, 95:901-915; Czarny et al, 2006 Bio-
technol. Adv., 24:410-419). Ethylene biosynthesis pathways
and signaling/regulatory pathways and networks are well
described. For example, see FIGS. 1 and 2 in Wang et al,
“Ethylene Biosynthesis and Signaling Networks™, in The
Plant Cell, 2002 (Eds. American Society of Plant Biologists)
pages S131-S151.

Several key steps in the ethylene signal transduction path-
way are highly regulated in plants. For both EIN2 (ETHYL-
ENE-INSENSITIVE2) and EIN3 (ETHYLENE INSENSI-
TIVE3) proteins, their expression is induced by ethylene,
which leads to an increased ethylene response. In addition,
both EIN2 and EIN3 proteins are targeted for turnover by
ETP1 (EIN2 TARGETING PROTEIN1) and ETP2 (EIN2
TARGETING PROTEIN2) or EBF1 (EIN3-BINDING
F-BOX PROTEIN1) and EBF2 (EIN3-BINDING F-BOX
PROTEIN2) respectively. The turnover of these key response
signaling proteins helps to maintain plants in a repressed or
“off” state in the absence of the hormone ethylene. Constitu-
tive overexpression of ETP1 or ETP2 (Qiao etal., Genes Dev.,
2009 Feb. 15; 23(4):512-21 (published on-line Feb. 4, 2009)
or EBF1 or EBF2 (Guo and Ecker, 2003 Cell, 115:667-677) in
transgenic Arabidopsis resulted in partial ethylene-insensi-
tivity and reduced accumulation of EIN2 or EIN3 protein
respectively.

Commercially, a common way to regulate cthylene
response in plants, including fruits and vegetables and flow-
ers, involves the application of a chemical to the plant, fruit,
flower or vegetable, such as, for example 1-methylcyclopro-
pene (1-MCP; AgroFresh, Inc.). 1-MCP is a compound that is
used as a plant growth regulator that prevents ethylene from
attaching to its receptors in plant tissues. Its application
thereby increases the ethylene insensitivity of the plant. The
temporary ablation of ethylene sensitivity can increase the
plants’ resistance or tolerance to stress, delay ripening, senes-
cence, or flowering, among other commercially valuable
manipulations of plant growth.

More recently, proposals to transform plant cells geneti-
cally with modified ethylene response receptors or other pro-
teins involved in the ethylene response in plants have been
suggested, such as ine.g., U.S. Pat. No. 6,294,716; US Patent
Application Publication Nos. 2006/0200875, 2005/0066389,
2005/0060772 and 2004/0128719, among others. Such sys-
tems are directed to expression of a variety of mutated genes
in the ethylene pathways. These systems generally employ a
variety of suggested promoters to drive expression of the
proteins, including constitutive promoters and tissue-specific
promoters.

While the use of chemically regulated gene expression
systems have been proposed for use in plants generally (M.
Padidim, 2003 Curr. Opin Plant Biol., 6(2):169-77), many
such systems are experimental only, or have been reported to
have certain disadvantages. Among these disadvantages are
the use oftoxic or volatile inducers, low induction levels, poor
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translocation/movement in the plant, a slow ability to “turn-
off” the expression of the gene or insufficient specificity to an
inducer that is non-toxic to plants, among other issues. Such
gene expression systems are not universally useful in all
plants and selection of the operable components and their
assembly is often challenging.

In the examples of the prior art, expression of the ethylene
pathway genes is typically always on in all tissues and parts of
the plant or is always on in specific tissues of the plant.
However, tissue-specific promoters or low level constitutive
promoters can be leaky or induced by an undesirable inducer.
Such conventional promoters do not permit tight regulation of
hormonal expression in the plant. The timing, duration and
level of expression of the ethylene pathway genes are critical
for normal physiological function. The induction of ethylene
insensitivity at will and for a determined period of time has
not been successtully demonstrated by the prior art.

There remains a need in the art for compositions and meth-
ods that permit controllable temporal regulation of ethylene
sensitivity. This is particularly important for a gene product
the expression of which is directly induced by the presence of
ethylene. Such compositions and methods are needed for safe
and effective use in agricultural crops and foodstuffs, as well
as in other plants.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s aschematic of'an example of'a plasmid designated
p201 carrying both an activation cassette and a target cassette
of the gene expression system (G10-90p-VGE-NosT-
5xGAL-M35S-ETP1-35ST) with the components of the cas-
settes identified as disclosed in Example 1 and in SEQ ID NO:
1, and the cleavage sites identified by nucleic acid position in
parentheses. The cassette portions of this plasmid are
reported in SEQ ID NO: 1. The commercially available plas-
mid backbone is not provided in the sequence listing or fig-
ures, as it may be readily replaced with other plasmid back-
bones.

FIG. 2 is aschematic of an example of'a plasmid designated
p202, which contains both an activation cassette and target
cassette (G10-90p-GVE-NosT-5xGAL-M35S-ETP2-35ST)
for expression of ETP2 using GVE receptor-mediated induc-
ible expression of ETP2. The cassette portions of this plasmid
are reported in SEQ ID NO: 2. The commercially available
plasmid backbone is not provided in the sequence listing or
figures, as it may be readily replaced with other plasmid
backbones.

FIG. 3A is a schematic of an example of a plasmid desig-
nated pl004 [G10-90p-VGE-NosT-5xGAL-M35S-ETP1
and MM Vp-det-rbcS-E9t] and its components are illustrated
in SEQ ID NO: 3 and FIGS. 3B-31, namely the G10-90
constitutive promoter, the VP16 activation domain and the
GAL4 DNA binding domain, and the wildtype ecdysone
receptor ligand binding domain associated with the NOS
terminator sequence, the inducible promoter which consists
of five copies of the GAL4 response element and the minimal
35S promoter, the ETP1 gene, the 35S terminator sequence,
the MMV promoter, the P-DEF marker gene and the rbcS-E9
terminator.

FIGS. 3B-31 form a sequence map showing the compo-
nents of p1004.

FIG. 4A is a schematic of an example of a plasmid desig-
nated pl005 [G10-90p-GVE-NosT-5xGAL-M35S-ETP2
and MM Vp-det-rbcS-E9t] and its components are illustrated
in SEQ ID NO: 4 and FIGS. 4B-4], namely the G10-90
constitutive promoter, the GAL4 DNA binding domain, the
VP16 activation domain, and the wildtype ecdysone receptor
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ligand binding domain described associated with the NOS
terminator sequence, the inducible promoter which consists
of five copies of the GAL4 response element and the minimal
35S promoter (nucleotide 2493 to 2548 of SEQ ID NO: 4), the
ETP2 gene, the 35S terminator sequence, the MMV pro-
moter, the P-DEF marker gene and the rbcS-E9 terminator.

FIGS. 4B-41 form a sequence map showing the compo-
nents of p1005.

SUMMARY OF THE INVENTION

The compositions and methods described herein meet the
need in the art by providing transgenic plants, plant cells,
tissues, organs, fruits or flowers in which regulation of ethyl-
ene sensitivity may be reliably and safely controlled, e.g., in
a temporal, qualitative and/or quantitative manner. These
compositions and methods demonstrate tight regulation of
gene expression, and thus hormonal expression, and are safe
for use in agricultural crops and foodstuffs, as well as in other
commercially valuable plants.

In one aspect, a gene expression system is provided for
controllably inhibiting the accumulation in a plant cell of
certain ethylene-inducible proteins. This system includes an
activation cassette and a target cassette, which may be present
on one or more plasmids. The activation cassette comprises a
suitable promoter, a DNA-binding domain (DUD), an ecdys-
one receptor ligand binding domain (EcRLBD); and an acti-
vation domain (AD). The target cassette comprises a chemi-
cally inducible promoter (which can be a chemically-
inducible tissue specific promoter) comprising, in operative
association, the response element to which the DBD binds
and a minimal promoter responsive to the AD. This chemi-
cally inducible promoter controls expression of a target
nucleic acid sequence that encodes a selected regulatory pro-
tein or fragment thereof that upon expression operates to
decrease the expression of the EIN2 or EIN3 gene product.
Interaction among components of the two cassettes, when in
the plant cell with an inducing composition, controllably
increases expression of the regulatory protein and inhibits
accumulation of the EIN2 or EIN3 gene product in the plant
in the presence of ethylene. The inhibition of the accumula-
tion of the EIN2 or EIN3 gene product is controllable by the
timing, the concentration and the duration of the application
of the inducing composition. The inducing composition may
be absorbed by, and translocated within, the cells of the plant,
where it interacts with the activation domain to turn on the
chemically inducible promoter of the target cassette. Thus,
this system permits controllable and selective modulation of
ethylene sensitivity in the plant cell by expressing the regu-
latory protein at a sufficiently high level to overcome the
plants’ normal reaction to the presence of ethylene, i.e., which
is to increase the expression of the ethylene-inducible protein,
e.g., EIN2 or EIN3, which results in further activation of the
downstream ethylene signal transduction pathway in a plant.

In another aspect, a plant cell is provided which expresses,
stably or transiently, this above-described gene expression
system.

In another aspect, a plant tissue or organ is provided which
expresses, stably or transiently, this above-described gene
expression system.

In another aspect, a transgenic plant is provided which
expresses, stably or transiently, this above-described gene
expression system.

In another aspect, a method for producing such a transgenic
plant or portion thereof involves transforming at least one cell
in the plant with the gene expression system described herein;
generating a plant cell, tissue, organ or intact plant from the

10

20

40

45

50

60

4

transformed plant cell; and selecting a plant cell, tissue, organ
or intact plant which demonstrates the inhibition or decrease
in accumulation of EIN2 or EIN3 when the plant cell, tissue,
organ or intact plant is contacted with an inducing composi-
tion in the presence of ethylene. As stated above, the modu-
lation in EIN2/EIN3 protein accumulation is controlled by
the timing, the concentration, and the duration of the appli-
cation of the inducing composition and the resulting increase
in expression of the regulatory protein at sufficiently high
levels. The inducing composition may be absorbed by and
translocated within, the plant cell, tissue, organ or intact plant.

In a further aspect, a method for controlling ethylene sen-
sitivity in a plant resulting from expression of ethylene-in-
duced proteins, e.g., EIN2 or EIN3, involves applying an
inducing composition to the cells of a transgenic plant or
portion thereof, the plant comprising cells that stably or tran-
siently express the gene expression system described herein.
The inducing composition may be absorbed by, and translo-
cated within, the plant cells. In the presence of the inducing
composition, the response of the plant cells to ethylene, i.e.,
the normal increase in EIN2 or EIN3, and further downstream
activation of the ethylene signal transduction pathway, is
inhibited or decreased for a selected time; and the response of
the plant cells to ethylene is increased after a selected time by
depriving the plant of the inducer. This modulation in EIN2/
EIN3 protein expression is controlled by the timing, the con-
centration, and the duration of the application of the inducing
composition and its ability to express the regulatory protein at
sufficiently high levels to make the plants ethylene insensi-
tive. In one embodiment, the timing, concentration or dura-
tion of the inducing composition allows overexpression of the
regulatory protein to decrease or inhibit the accumulation of
an ethylene inducible signal protein in a plant cell in the
presence of ethylene.

Other aspects and advantages of these methods and com-
positions are described further in the following detailed
description.

DETAILED DESCRIPTION OF THE INVENTION

The compositions and methods described herein address
the need in the art for compositions and methods for the
controllable regulation of ethylene sensitivity in plants. More
specifically, the compositions and methods described herein
permit the deliberate variation of expression levels of ethyl-
ene-induced proteins, e.g., EIN2 or EIN3, based on use of
selected amounts of a chemical inducer and the high level
expression of the EIN2/EIN3 regulatory proteins (ETP1 and
ETP2 or EBF1 and EBF2 respectively) to make the plants
ethylene insensitive. Such an ability to manipulate hormonal
regulation of the plants provides an agricultural benefit for the
growth and ripening of crops, among other benefits described
below.

The inventors have determined that the key to achieving
practical ethylene insensitivity is dependent upon obtaining a
sufficient level of the regulatory proteins that target the turn-
over of key ethylene-inducible, signal proteins in order to
overcome the amount of the signal protein that is induced by
ethylene. Making a plant insensitive to ethylene provides that
plant with certain benefits, such as resistance to stress as
discussed herein. However, ethylene sensitivity is required at
certain times for the normal growth and development of
plants. Thus the compositions and methods discussed herein
are useful to precisely control the timing of when and the level
of insensitivity of a plant to ethylene, and to be able to return
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that plant to a state of ethylene sensitivity in order to ensure
the further normal growth and development of that plant.

1. GENE EXPRESSION SYSTEM

A gene expression or modulation system is employed for
stable or transient expression in a plant cell. The components
of such a system include at least two gene expression cas-
settes, each of which is capable of being expressed in a plant
cell.

In one embodiment, the first gene expression cassette,
referred to as the activation cassette, comprises a polynucle-
otide which is expressible in a plant cell encoding the follow-
ing components under the control of a suitable promoter and
in operative association therewith: (a) a DNA-binding
domain (DBD) that recognizes a response element associated
with a gene whose expression is to be modulated, i.e., a gene
that encodes a regulatory protein, such as ETP1/ETP2 or
EBF1/EBF2, that targets the turnover of a key ethylene-in-
ducible, signal protein, e.g., EIN2 and EIN3, respectively; (b)
a ligand binding domain (LBD) comprising an ecdysone
receptor ligand binding domain (EcRLBD) or functional
fragment thereof; and (c¢) an activation or transactivation
domain (AD) which is activated in the presence of an induc-
ing composition suitable for application to plants. In one
embodiment, the components in the activation cassette are
present in the following order 5'to 3': the LBD is downstream
of the DBD, which is downstream of the AD. In another
embodiment, the components in the activation cassette are
present in the following order 5'to 3': the LBD is downstream
of the AD, which is downstream of the DBD. In another
embodiment, the components in the activation cassette are
present in the following order 5'to 3': the DBD is downstream
of the LBD, which is downstream of the AD. In another
embodiment, the components in the activation cassette are
present in the following order 5'to 3': the DBD is downstream
of the AD, which is downstream of the LBD. In another
embodiment, the components in the activation cassette are
present in the following order 5' to 3': the AD is downstream
of the LBD, which is downstream of the DBD. In another
embodiment, the components in the activation cassette are
present in the following order 5' to 3': the AD is downstream
ofthe DBD, which is downstream of the LBD. The activation
cassette also includes a terminator positioned preferable at
the 3' terminus of the cassette. The specific identities of these
components are discussed below.

The second gene expression cassette, i.e., the target cas-
sette, comprises a polynucleotide encoding the following
components. One component is a chemically inducible pro-
moter comprising, in operative association, the response ele-
ment (RE) to which the DBD of the protein encoded by the
activation cassette binds and a minimal promoter responsive
to the AD of'the activation cassette. The other component is a
target nucleic acid sequence that encodes a regulatory pro-
tein, such as ETP1/ETP2 or EBF1/EBF2, or a functional
fragment of such a protein, that targets the turnover of a key
ethylene-inducible, signal protein, e.g., EIN2 and EIN3,
respectively. In one embodiment, the nucleic acid sequence is
in sense orientation. The inducible promoter is in control of
the expression of the selected regulatory protein-encoding
sequence.

In another embodiment, the activation and/or target cas-
settes further comprise terminator sequences, such as down-
stream of the nucleic acid sequence encoding the protein
sequence, and an optional selectable marker. Such markers
are well-known and used for selecting cells that take up the
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genes in the presence of an antibiotic or other chemical. These
optional components are discussed in more detail below.

This gene expression system operates so that the compo-
nents of the activation cassette and the target cassette, when in
the plant cell and in cooperation with an inducing composi-
tion, modulate expression of the selected regulatory protein.
Modulation or regulation of the selected regulatory protein
selectively modulates ethylene sensitivity in the plant cell.
For example, one modulation involves increasing ethylene
sensitivity of the plant cell by decreasing the expression ofthe
regulatory protein. In another embodiment, the ethylene sen-
sitivity of the plant cell is decreased by increasing the expres-
sion of the regulatory protein at a sufficiently high levels to
overcome the competing normal reaction of the plant in the
presence of ethylene, i.e., which operates normally to
increase the expression and accumulate the gene product of
the signal protein EIN2 or EIN3. This expression of the regu-
latory protein that modulates the ethylene pathway is con-
trolled in the plant cell by the interaction of the components of
the gene expression system with the inducing composition,
particularly in the presence of ethylene. The inducing com-
position may be absorbed by, and/or translocated within, the
cells of the plant.

The term “sufficiently high levels of expression” when
referring to the expression levels of the regulatory protein that
regulates the turnover of the signal proteins means an expres-
sion level that alters the response of a cell or plant to 10 ppm
ethylene or 10 uM ACC (1-aminocyclopropane-1-carboxylic
acid). In one embodiment, the expression level of the regula-
tory protein is high enough to overcome any increase in
expression of the signal protein that normally results from the
presence of ethylene or ACC. In another embodiment, the
expression level of the regulatory protein is high enough to
decrease expression of the signal protein in the presence of
ethylene or ACC. In another embodiment, the expression
level of the regulatory protein is high enough to overcome
stress-induced ethylene production of the signal protein in a
stressed plant, thus making the plant ethylene insensitive and
overcoming the negative effects of the stress on the plant.

In one embodiment of this system, the first cassette and
second cassette are present on a single plasmid, such as that of
FIGS. 1 and 2. In another embodiment, the first and second
cassettes are present on separate plasmids.

In another embodiment of the gene expression system, a
first gene expression cassette can contain a DBD and a first
LBD; a second cassette can contain the AD and a second,
different LBD; and a third cassette comprises a polynucle-
otide that encodes the response element to which the DBD of
the first polypeptide binds, a promoter that is activated by the
AD of the second cassette; and the target regulatory gene
whose expression is to be modulated. In this system, the AD
and DBD are operationally linked to two different proteins
which in the presence of inducing composition activate the
target gene expression. In one embodiment, the first LBD can
be an EcR LBD, while the second LBD can be an LBD from
a retinoid X receptor. In another embodiment, the second
LBD can be an EcR LBD, while the first LBD can be an LBD
from a retinoid X receptor. Such a construct is described in
U.S. Pat. No. 7,091,038 or US patent publication No. US
2005/0266457, published Dec. 1, 2005.

The term “operably linked” or “operatively linked” refers
to the association of nucleic acid sequences on a single
nucleic acid fragment so that the function of one is affected by
the other. For example, a promoter is operably linked with a
coding sequence when it is capable of affecting the expres-
sion of that coding sequence (i.e., that the coding sequence is
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under the transcriptional control of the promoter). Coding
sequences can be operably linked to regulatory sequences in
sense or antisense orientation.

The term “expression”, as used herein, refers to the tran-
scription and stable accumulation of sense (mRNA) or anti-
sense RNA derived from a nucleic acid or polynucleotide. In
one embodiment, expression refers to translation of mRNA
into a protein or polypeptide in another embodiment, the
components of the gene expression system may be transiently
expressed in the plant cell. In another embodiment, the com-
ponents of the gene expression system may be stably
expressed by integration into a chromosome of the plant cell.
The selection of transient vs. stable integrated expression
may be selected by one of skill in the art in generating and
using the gene expression system as described herein.

The terms “cassette”, “expression cassette” and “gene
expression cassette” refer to a segment of DNA that can be
inserted into a nucleic acid or polynucleotide at specific
restriction sites or by homologous recombination. The seg-
ment of DNA comprises a polynucleotide that encodes a
polypeptide of interest, and the cassette and restriction sites
are designed to ensure insertion of the cassette in the proper
reading frame for transcription and translation in the appro-
priate direction. These vectors or plasmids may optionally
comprise a polynucleotide that encodes a polypeptide of
interest and having elements in addition to the polynucleotide
that facilitate transformation of a particular host cell. Such
cassettes in certain embodiments also comprise elements that
allow for enhanced expression of a polynucleotide encoding
a polypeptide of interest in a host cell. These elements may
include, but are not limited to: a promoter, a minimal pro-
moter, an enhancer, a response element, a terminator
sequence, a polyadenylation sequence, and the like.

All other terms used herein employ the conventional mean-
ing in the art, unless otherwise indicated. See, for example,
the definition of the terms in U.S. Pat. No. 7,091,038.

A. The Promoter of the Activation Cassette

In one embodiment of the system, the promoter of the
activation cassette is a nucleic acid sequence (DNA or RNA)
that is capable of controlling the expression of the DBD, LBD
and AD sequences within a transformed plant cell. In general,
these three primary components of the activation cassette are
located 3' to the selected promoter sequence. The promoter
sequence consists of proximal and more distal upstream ele-
ments referred to as enhancers. An “enhancer” is a DNA
sequence that can stimulate promoter activity and may be an
innate element of the promoter or a heterologous element
inserted to enhance the level or specificity of a promoter.
Useful promoters in this context may be derived in their
entirety from a native gene, or be composed of different
elements derived from different promoters found in nature, or
even comprise synthetic DNA segments.

In one embodiment, the promoter of the activation cassette
is a constitutive promoter, e.g., a promoter that causes a gene
to be expressed in most cell types at most times, so that the
plant cell transformed with this cassette is continually pro-
ducing the activation cassette components. For example, cer-
tain constitutive promoters that are useful in this activation
cassette include, without limitation, the exemplified G10-90
promoter, the cauliflower mosaic virus 35S promoter, the
Cassava mosaic virus promoter, the figwort mosaic virus
promoter, the Badnavirus promoter, Mirabilis mosaic virus
promoter, the Rubisco promoter, the Actin promoter, or the
ubiquitin promoter.

In still other embodiments promoters that direct the expres-
sion of a gene in different tissues or cell types (“tissue spe-

cific”, “cell specific” or “plant organ-specific promoters™)
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may be used for this purpose. Desirably such promoters are
native to or functional in plant tissues and plant cells, or
mutant versions of promoters native to or functional in plant
tissues and plant cells. However promoters for other tissues
and cells from other sources, e.g., mammalian, invertebrate,
etc, that operate in plant cells may also be employed for this
purpose. Still other embodiments employ promoters that
express the components at different stages of development
(“developmentally-specific promoters™ or “cell differentia-
tion-specific promoter™), or in response to different environ-
mental or physiological conditions. For an extensive list of
tissue-specific promoters, see Gallie, US Patent Application
Publication No. 2005/0066389, which describes seed-spe-
cific promoters derived from the following genes: MACI1
from maize (Sheridan, 1996 Genetics 142:1009-1020); Cat3
from maize (GenBank No. 105934, Abler 1993 Plant Mol.
Biol. 22:10131-10138); vivparous-1 from Arabidopsis (Gen-
bank No. U93215); atmycl from Arabidopsis (Urso, 1996
Plant Mol. Biol. 32:571-576; Conceicao 1994 Plant 5:493-
505); napA and BnCysP1 from Brassica napus (GenBank
No. J02798, Josefsson, 1987 JBL 26:12196-12201, Wan et
al., 2002 Plant J 30:1-10); and the napin gene family from
Brassica napus (Sjodahl, 1995 Planta 197:264-271). Fruit
specific promoters include the promoter from the CYP78A9
gene (Ito and Meyerowitz, 2000 Plant Cell 12:1541-1550).
Other tissue-specific promoters include the ovule-specific
BEL1 gene described in Reiser, 1995 Cell 83:735-742, Gen-
Bank No. U39944; Ray, 1994 Proc. Natl. Acad. Sci. USA
91:5761-5765 and the egg and central cell specific FIE1 pro-
moter. Sepal and petal specific promoters include the Arabi-
dopsis floral homeotic gene APETALA1 (AP1) (Gustafson
Brown, 1994 Cell 76:131-143; Mandel, 1992 Nature 360:
273-277), a related promoter, for AP2 (see, e.g., Drews, 1991
Cell 65:991-1002; Bowman, 1991 Plant Cell 3:749-758).
Another useful promoter is that controlling the expression of
the unusual floral organs (ufo) gene of Arabidopsis
(Bossinger, 1996 Development 122:1093-1102). Additional
tissue specific promoters include a maize pollen specific pro-
moter (Guerrero, 1990 Mol. Gen. Genet. 224:161-168); see
also promoters described by Wakeley, 1998 Plant Mol. Biol.
37:187-192; Ficker, 1998 Mol. Gen. Genet. 257:132-142;
Kulikauskas, 1997 Plant Mol. Biol. 34:809-814; Treacy, 1997
Plant Mol. Biol. 34:603-611). Useful promoters include those
from the FUL gene (Mandel and Yanofsky, 1995 Plant Cell,
7:1763-1771) and promoters from the SHP1 and SHP2 genes
(Flanagan et al. 1996 Plant J 10:343-353; Savidge et al., 1995
Plant Cell 7(6):721-733). Promoters may be derived from the
TA29 gene (Goldberg et al., 1995 Philos Trans. R. Soc. Lond.
B. Biol. Sci. 350:5-17).

Other suitable promoters include those from the gene
encoding the 28 storage protein from Brassica napus (Das-
gupta, 1993 Gene 133:301-302); the 2s seed storage protein
gene family from Arabidopsis; the gene encoding oleosin 20
kD from Brassica napus, GenBank No. M63985; the genes
encoding oleosin A, Genbank No. U09118, and, oleosin B,
Genbank No. U09119, from soybean; the gene encoding ole-
osin from Arabidopsis, Genbank No. Z17657; the gene
encoding oleosin 18 kD from maize, GenBank No. J05212
and Lee, 1994 Plant Mol. Biol. 26:1981-1987; and the gene
encoding low molecular weight sulphur rich protein from
soybean (Choi, 1995 Mol Gen, Genet. 246:266-268). The
tissue specific E8 promoter from tomato and promoters from
the ATHB-8, AtP1N1, AtPSK1 or TED3 genes (Baima et al.,
2001 Plant Physiol. 126:643-655, Galaweiler et al., 1998
Science 282:2226-2230; Elge et al., 2001 Plant J. 26:561-
571; Igarashi et al., 1998 Plant Mol. Biol. 36:917-927) are
also useful.
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A tomato promoter active during fruit ripening, senescence
and abscission of leaves and, to a lesser extent, of flowers can
be used (Blume, 1997 Plant J. 12:731-746). Other exemplary
promoters include the pistil specific promoter in the potato
(Solanum tuberosum 1..) SK2 gene, encoding a pistil specific
basic endochitinase (Fieker, 1997 Plant Mol. Biol. 35:425-
431); the Blec4 gene from pea (Pisum sativum cv. Alaska),
active in epidermal tissue of vegetative and floral shoot apices
of transgenic alfalfa. A variety of promoters specifically
active in vegetative tissues including promoters controlling
patatin, the major storage protein of the potato tuber (e.g.,
Kim, 1994 Plant Mol. Biol. 26:603-615; and Martin, 1997
Plant J. 11:53-62), and the ORF13 promoter from Agrobac-
terium rhizogenes (Hansen, 1997 Mol. Gen. Genet. 254:337-
343) can be used. Other useful vegetative tissue-specific pro-
moters include: the tarin promoter of the gene encoding a
globulin from a major taro (Colocasia esculenta L. Schott)
corm protein family, tarin (Bezerra, 1995 Plant Mol. Biol.
28:137-144); the curculin promoter (de Castro, 1992 Plant
Cell 4:1549-1559) and the promoter for the tobacco root
specific gene TobRB7 (Yamamoto, 1991 Plant Cell 3:371-
382). Leaf-specific promoters include the ribulose biphos-
phate carboxylase (RBCS) promoters, the tomato RBCSI1,
RBCS2 and RBCS3A genes (Meier, 1997 FEBS Lett. 415:
91-95). A ribulose bisphosphate carboxylase promoter
expressed almost exclusively in mesophyll cells in leaf blades
and leaf sheaths at high levels (Matsuoka, 1994 Plant J.
6:311-319), the light harvesting chlorophyll a/b binding pro-
tein gene promoter (Shiina, 1997 Plant Physiol. 115:477-483;
Casal, 1998 Plant Physiol. 116:1533-1538), the Arabidopsis
thaliana myb-related gene promoter (Atmyb5; Li, 1996
FEBS Lett. 379:117-121), and the Atmyb5 promoter (Busk,
1997 Plant J. 11:1285-1295) are useful promoters.

Useful vegetative tissue-specific promoters include mer-
istematic (root tip and shoot apex) promoters, e.g., the
“SHOOTMERISTEMLESS” and “SCARECROW” promot-
ers (Di Laurenzio, 1996 Cell 86:423-433; and, Long, 1996
Nature 379:66-69. Another useful promoter controls the
expression of 3-hydroxyl-3-methylglutaryl coenzyme A
reductase HMG2 gene (see, e.g., Enjuto, 1995 Plant Cell.
7:517-527). Also useful are knl related genes from maize and
other species which show meristem specific expression, see,
e.g., Granger, 1996 Plant Mol. Biol. 31:373-378; Kerstetter,
1994 Plant Cell 6:1877-1887; Hake, 1995 Philos. Trans. R.
Soc. Lond. B. Biol. Sci. 350:45-51, e.g., the Arabidopsis
thaliana KNAT1 or KNAT2 promoters (see, e.g., Lincoln,
1994 Plant Cell 6:1859-1876).

In certain embodiments of the activation cassette, the pro-
moters may be inducible or regulatable, e.g., causes expres-
sion of the nucleic acid sequence following exposure or treat-
ment of the cell with an agent, biological molecule, chemical,
ligand, light, or some other stimulus. A non-limiting list of
such inducible promoters include the PR 1-a promoter,
prokaryotic repressor-operator systems, and higher eukary-
otic transcription activation systems, such as described in
detail in U.S. Pat. No. 7,091,038. Such promoters include the
tetracycline (“Tet”) and lactose (“Lac”) repressor-operator
systems from F. coli. Other inducible promoters include the
drought-inducible promoter of maize; the cold, drought, and
high salt inducible promoter from potato, the senescence
inducible promoter of Arabidopsis, SAG 12, and the embryo-
genesis related promoters of LEC1, LEC2, FUS3, AtSERK1,
and AGL15, all known to those of skill in the art. Still other
plant promoters which are inducible upon exposure to plant
hormones, such as auxins or cytokinins, are useful in this
context, as described in US Patent Application Publication
No. US2005/0066389 and U.S. Pat. No. 6,294,716.
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Essentially for the purposes of the activation cassette, any
promoter capable of driving expression of the sequences of
the DBD, LBD and AD is suitable, including but not limited
to: viral promoters, bacterial promoters, plant promoters,
synthetic promoters, constitutive promoters, tissue specific
promoter, developmental specific promoters, inducible pro-
moters, light regulated promoters; pathogenesis or disease
related promoters, cauliflower mosaic virus 19S, cauliflower
mosaic virus 35S, CMV 35S minimal, cassava vein mosaic
virus (CsVMYV), figwort mosaic virus, Badnavirus, Mirabilis
mosaic virus, chlorophyll a/b binding protein, ribulose 1,5-
bisphosphate carboxylase, shoot-specific, root specific, chiti-
nase, stress inducible, rice tungro bacilliform virus, plant
super-promoter, potato leucine aminopeptidase, nitrate
reductase, alcohol dehydrogenase, sucrose synthase, man-
nopine synthase, nopaline synthase, octopine synthase, ubiq-
uitin, zein protein, actin and anthocyanin promoters In a
preferred embodiment of the invention, the promoter is
selected from the group consisting of a cauliflower mosaic
virus 35S promoter, a cassava vein mosaic virus promoter,
and a cauliflower mosaic virus 35S minimal promoter, a fig-
wort mosaic virus promoter, a Badnavirus promoter, a Mira-
bilis mosaic virus, a ubiquitin (Ubc) promoter, and an actin
promoter.

B. The DBD

As used herein, the term “DNA binding domain” com-
prises a minimal polypeptide sequence of a DNA binding
protein, up to the entire length of a DNA binding protein, so
long as the DNA binding domain functions to associate with
a particular response element. The DNA binding domain
binds, in the presence or absence of a ligand, to the DNA
sequence of the RE to initiate or suppress transcription of
downstream gene(s) under the regulation of this RE. In cer-
tain embodiments of the gene expression units, the DBD is
located in the activation cassette, while the response element
is located in the target cassette.

The DNA binding domain can be any DNA binding
domain with a known response element, including synthetic
and chimeric DNA binding domains, or analogs, combina-
tions, or modifications thereof. In certain embodiments, the
DBD is a GAL4 DBD, a LexA DBD, a transcription factor
DBD, a Group H nuclear receptor member DBD, a steroid/
thyroid hormone nuclear receptor superfamily member DBD,
or a bacterial LacZ DBD. More preferably, the DBD is an
insect ecdysone receptor DBD, a GAL4 DBD (see the
sequence illustrated in the plasmids of the examples herein),
or a LexA DBD. The sequences for such DBDs are publically
available and described in publications such as U.S. Pat. No.
7,091,038 or US Patent Application Publication No. 2005/
0266457. In other embodiments, the DBDs useful in this
cassette include, without limitation, DNA binding domains
obtained from the cI promoter, or lac promoter, which are also
publically available sequences.

C. The Ecdysone LBD and Optional Second LBD

In certain embodiments of the gene expression system, the
ecdysonereceptor (EcR) LBD comprises all or a portion of an
invertebrate ecdysone receptor or mutant thereof. EcR is a
member of the nuclear steroid receptor super family that is
characterized by signature DNA and ligand binding domains,
and an activation domain (Koelle et al. 1991, Cell, 67:59 77,
see also, U.S. Pat. No. 6,245,531 (Stanford). Ecdysone recep-
tors are responsive to a number of steroidal compounds such
as ponasterone A and muristerone A and non-steroidal com-
pounds. EcR has five modular domains, A/B (transactiva-
tion), C (DNA binding, heterodimerization), D (Hinge, het-
erodimerization), E (ligand binding, heterodimerization and
transactivation and F (transactivation) domains. Some of
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these domains such as A/B, C and E retain their function when
they are fused to other proteins. Suitable portions of EcR for
use as the LBD in the gene expression system described
herein include domains D, E and F. For example, the sequence
of the wildtype EcR LBD is present in SEQ ID NO: 1 at
nucleotides 990 to 1997.

Preferably, the EcR is a Lepidopteran EcR, a Dipteran EcR,
an Arthropod EcR, a Homopteran EcR and a Hemipteran
EcR. More preferably, the EcR for use is a spruce budworm
Choristoneura fumiferana EcR (“C{EcR”), a Tenebrio moli-
tor EcR (“TmEcR”), a Manduca sexta EcR (“MsEcR”), a
Heliothies virescens EcR (“HvEcR”), a silk moth Bombyx
mori EcR (“BmEcR”), a fruit fly Drosophila melanogaster
EcR (“DmEcR”), a mosquito Aedes aegypti EcR (“AaEcR”),
a blowfly Lucilia capitata EcR (“LcEcR”), a Mediterranean
fruit fly Ceratitis capitata EcR (“CcEcR”), a locust Locusta
migratoria EcR (“LmEcR”), an aphid Myzus persicae EcR
(“MpEcR”), a fiddler crab Uca pugilator EcR (“UpEcR”), an
ixodid tick Amblyomma americanum EcR (“AmaEcR”), a
white fly Bamecia argentifoli EcR (“BaEcR”), or a green
leathopper Nephotetix cincticeps EcR (“NcEcR”), among
others. Even more preferably, the LBD is from spruce bud-
worm (Choristoneura fumiferana) EcR (“CfEcR”) or fruit fly
Drosophila melanogaster EcR (“DmEcR”).

Sequences for a variety of wildtype or mutant EcRs are
publically available and described in such publications as,
e.g., U.S.Pat. No. 7,091,038; International Patent Publication
No. WO 97/38117 and U.S. Pat. Nos. 6,333,318, 6,265,173
and 5,880,333. While the examples below employ wildtype
EcR sequences, it is expected that mutant sequences can be
selected by one of skill in the art to perform in a similar
manner. In one embodiment, for example, a mutant ecdysone
receptor is one containing a mutation as described in the
above cited US patent application publication No. 2005/
0266457, e.g., a Group H nuclear receptor ligand binding
domain comprising at least one mutation. In one embodi-
ment, an ecdysone LBD that contains a mutation changing the
codon ACA for Thr to a codon GTG for Val at the nucleotide
positions equivalent to, e.g., 1374-1376, in SEQ ID NO: 2
would be a useful EcR LBD. This mutant EcR LBD is
referred to as T52V and encodes a mutation of Thr to Val at
amino acid position 335 in the full-length CfEcR. Still others
of'the EcR LBDs described in that publication may be useful
in the gene expression system described herein. In another
embodiment, the mutant ecdysone receptor LBD is that
described in U.S. Pat. No. 6,245,531 (Stanford) or is a trun-
cated EcR LBD sequence or a deletion mutant, among other
mutant sequences known to the art. In another embodiment,
the LBD is encoded by a polynucleotide that hybridizes to a
known EcR LBD or mutant sequence under conventional
hybridization conditions, such as a hybridization step in less
than 500 mM salt and at least 37° C., and a washing step in
2xSSPE at least 63° C.

In certain embodiments the gene expression system
employs a second LBD. The second LBD is not an ecdysone
receptor polypeptide, but can be the ligand binding domain of
a second nuclear receptor. Such second binding domains
include, without limitation a vertebrate retinoid X receptor
ligand binding domain, an invertebrate retinoid X receptor
ligand binding domain, an ultraspiracle protein ligand bind-
ing domain, and a chimeric ligand binding domain compris-
ing two polypeptide fragments, wherein the first polypeptide
fragment is from a vertebrate retinoid X receptor ligand bind-
ing domain, an invertebrate retinoid X receptor ligand bind-
ing domain, or an ultraspiracle protein ligand binding
domain, and the second polypeptide fragment is from a dif-
ferent vertebrate retinoid X receptor ligand binding domain,
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invertebrate retinoid X receptor ligand binding domain, or
ultraspiracle protein ligand binding domain. See, e.g., such
binding domains described in US Patent Application Publi-
cation No. US 2005/0266457. Such LBDs are well known to
those of skill in the art and are well described in the literature.

It is within the ability of one skilled in the art given the
teachings herein and without undue experimentation to select
one or more appropriate EcR LBD sequence and use it in
place of the sequences exemplified below.

D. The Activation Domain

The activation or transactivation domain (abbreviated
“AD”) useful in the gene expression system may be any
Group H nuclear receptor member AD, steroid/thyroid hor-
mone nuclear receptor AD, synthetic or chimeric AD, poly-
glutamine AD, basic or acidic amino acid AD, a VP16 AD, a
GAL4AD, an NF-kB AD, a BP64 AD, aB42 acidic activation
domain (B42AD), a p65 transactivation domain (p65AD), a
glucocorticoid activation domain or an analog, combination,
or modification thereof. In a specific embodiment, the AD is
a synthetic or chimeric AD, or is obtained from an EcR, a
glucocorticoid receptor, VP16, GAL4, NF-kB, or B42 acidic
activation domain AD. Preferably, the AD is an EcR AD, a
VP16 AD, a B42 AD, or a p65 AD. Sequences for such
activation domains are publically available in such publica-
tions as U.S. Pat. No. 7,091,038 or in other documents
described herein. An exemplary VP16AD is described in
plasmids described in the examples herein. Such domains are
well known to those of skill in the art and are well described
in the literature.

E. The “Inducible” Promoter System of the Target Cassette

In certain embodiments, the promoter of the target cassette
is a multicomponent promoter sequence. It comprises a mini-
mal promoter operatively associated with one or more copies
of a response element corresponding to the DNA binding
domain in the activation cassette.

A minimal promoter, as used herein, includes the core
promoter (i.e., the sequence that mediates the initiation of
transcription) and the 5' untranslated region (S'UTR) without
enhancer sequences. Thus, for use in embodiments of the
gene expression system, the minimal promoter may be a
minimal promoter derived from any promoter described
above in Part A for use in the activation cassette. In certain
embodiments of target cassettes, desirable minimal promot-
ers include: the cauliflower mosaic virus 35S minimal pro-
moter; a synthetic E1b minimal promoter (SEQ ID NO: 8; see
U.S. Pat. No. 7,091,038) and a synthetic TATA minimal pro-
moter (TATATA; see US Patent Application Publication No.
US 2005/0228016). Minimal promoters useful in the gene
expression systems described herein may be readily selected
by one of skill in the art from numerous promoters well
described in the literature. The sequence of the 35S minimal
promoter is described in the plasmids described in the
examples below.

The other portion of the inducible promoter of the target
cassette includes a response element (“RE”) located 5' or 3'to
the minimal promoter. One RE can have two different or
identical minimal promoters on either side to express two
different proteins. In one embodiment, the RE is operation-
ally or operatively linked to the minimal promoter. A response
element is one or more cis-acting DNA elements which con-
fer responsiveness on a promoter mediated through interac-
tion with the DNA-binding domains of the activation cassette.
This DNA element may be either palindromic (perfect or
imperfect) in its sequence or composed of sequence motifs or
half sites separated by a variable number of nucleotides. The
half sites can be similar or identical and arranged as either
direct or inverted repeats or as a single half site or multimers
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of'adjacent half'sites in tandem. Examples of DNA sequences
for response elements of the natural ecdysone receptor are
described in Cherbas L. et al, 1991 Genes Dev. 5, 120 131;
D’Avino P P. et al, 1995 Mol. Cell. Endocrinol, 113:19 and
Antoniewski C. et al, 1994 Mol. Cell Biol. 14, 4465-4474,
among other publications. The RE may be any response ele-
ment corresponding to the DNA binding domain in the acti-
vation cassette, or an analog, combination, or modification
thereof. A single RE may be employed or multiple REs, either
multiple copies of the same RE or two or more different REs,
may be used in target cassette. The RE can be modified or
substituted with response elements for other DNA binding
protein domains such as the GAL-4 protein from yeast (see
Sadowski, et al. 1988 Nature, 335:563 564) or Lex A protein
from E. coli (see Brent and Ptashne 1985, Cell, 43:729 736),
or synthetic response elements specific for targeted interac-
tions with proteins designed, modified, and selected for such
specific interactions (see, for example, Kim, et al. 1997 Proc.
Natl. Acad. Sci., USA, 94:3616-3620) to accommodate chi-
meric receptors. In a specific embodiment, the RE is an RE
from GAIL4 (“GAL4RE”), preferably two or more copies.
The examples below demonstrate the use of five copies of the
GAL4 RE (i.e, 5xGAL4). However, other suitable RE
include, without limitation, LexA, a Group H nuclear recep-
tor RE, a steroid/thyroid hormone nuclear receptor RE, or a
synthetic RE that recognizes a synthetic DNA binding
domain. In other embodiments, the RE is an ecdysone
response element (EcRE), or a LexA RE (operon, “op”) com-
prising a polynucleotide sequence. All such RE are well
described in the literature and may be readily selected by one
of skill in the art given the teachings of this specification.

In the target cassette, this “inducible promoter” is opera-
tively linked and controls expression of the regulatory nucleic
acid sequence or gene. The high level expression of the gene
operates to decrease the accumulation of the ethylene-induc-
ible signal protein, e.g., EIN2 or EIN3, and thereby modulates
ethylene sensitivity, as identified below. The inducible pro-
moter of the target cassette is induced by a chemical inducing
composition or inducer which, when in contact with the
ligand binding domain of the activation cassette, activates the
response element of the minimal promoter.

F. The Nucleic Acid Sequence Encoding a Selected Regu-
latory Protein

The nucleic acid sequence useful in this system encodes a
selected regulatory protein that modifies ethylene sensitivity
or ethylene production in the plant by regulating the turnover
of'an ethylene inducible signal protein, such as EIN2 or EIN3.
Such a nucleic acid sequence includes, in certain embodi-
ments, the EIN3 binding F-box proteins, EBF1 and EBF2. In
another embodiment, the selected regulatory proteins are the
F-box proteins ETP1 and ETP 2 (Qiao et al, 2008, cited
above).

An example of such an ETP1 nucleic acid sequence is
identified in SEQ ID NO: 1 from nucleotides 2557 to 3804
(seealso GENBANK Acc. No.NM_ 112874). An example of
such an ETP2 nucleic acid sequence is identified as SEQ ID
NO: 2 from nucleotides 2551 to 3717 (see GENBANK Acc.
No. NM__112777). An example of an EBF1 nucleic acid
sequence is published as GENBANK Ace. No. NM__128106.
An example of an EBF2 nucleic acid sequence is published as
GENBANK Acc No. NM__122444. These sequences are
incorporated herein by reference.

In addition to the use of wildtype, or naturally occurring
plant regulatory genes, the gene expression system may also
employ certain nucleic acid sequences that contain mutations
useful in these gene sequences and encoded proteins.
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In one embodiment of the invention described herein, the
wildtype regulatory gene that controls turnover of the
selected signal protein EIN2 or EIN3 for a particular plant is
used in the gene expression system and in the methods
described herein to control or modulate ethylene sensitivity in
the plant by inhibiting accumulation of the signal protein in
the presence of ethylene. In another embodiment, mutated
versions of the wildtype protein that mediates ethylene sen-
sitivity or ethylene production in the plant cell are employed.
In still further embodiments, a wildtype or mutated variant of
a gene that encodes a protein that modifies ethylene sensitiv-
ity or ethylene production in one species of plant cell by
inhibiting accumulation of the signal protein in the presence
of'ethylene is used in another species of plant cell, where such
use is desirable, e.g., to eliminate potential RNA silencing.

G. Optional Components

Optional components found in the cassettes of the gene
expression system include termination control regions. Such
terminator or polyadenylation sequences may also be
employed in the activation and target cassettes in certain
embodiments of this invention. Such regions are derived from
various genes native to the preferred hosts. In one embodi-
ment of the invention, the termination control region com-
prises or is derived from a synthetic polyadenylation signal,
nopaline synthase (nos), cauliflower mosaic virus (CaMV),
octopine synthase (ocs), Agrobacterium, viral, and plant ter-
minator sequences, or the like.

Selectable markers can include an antibiotic or chemical
resistance gene that is able to be selected for based upon its
effect, i.e., resistance to an antibiotic, resistance to a herbi-
cide, colorimetric markers, enzymes, fluorescent markers,
and the like. Examples of selectable marker genes known and
used in the art include: genes providing resistance to ampi-
cillin, streptomycin, gentamycin, kanamycin, hygromycin,
actinonin (PDF1 gene), bialaphos herbicide, glyphosate her-
bicide, sulfonamide, mannose and the like; and genes that are
used as phenotypic markers, i.e., anthocyanin regulatory
genes, isopentanyl transferase gene, GUS and luciferase.

Other regulatory sequences, such as nucleotide sequences
that function as spacer sequences in the plasmids, and other
minor regulatory sequences, enzyme cleavage sites, and the
like, may also be found in the cassettes or in the plasmids that
contain the cassettes for transformation into a plant cell
according to certain embodiments described herein.

The appropriate termination sequences, selectable mark-
ers, and other conventional plasmid regulatory sequences
may be readily selected by one of skill in the art from among
numerous such sequences well known to those of skill in the
art and well described in the literature given the teachings
herein.

H. Inducing Compositions/Inducers Useful for the Gene
Expression System

When the gene expression system is expressed in the plant,
modulation of the expression of the selected regulatory pro-
tein, e.g., overexpression of that protein, is employed to selec-
tively modulate ethylene sensitivity in the plant cell based
upon the control by the regulatory protein on the expression
and accumulation of the selected signal protein. Overexpres-
sion of the regulatory protein causes a decrease in expression
of'the signal protein. In the presence of ethylene, the overex-
pression of the regulatory protein is at a high level sufficient
to overcome the normal influence of ethylene on the signal
protein (i.e., increased expression). The degree of overexpres-
sion of the regulatory protein is controllable by the timing,
duration and amount of an inducing composition applied to
the plant. In one embodiment, the inducing composition is a
chemical that is placed in contact with the cells of the plant. In
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another embodiment, the inducing composition is a chemical
that is absorbed by the cells of the plant. In yet another
embodiment, the inducing composition is a chemical that is
translocated within the plant cells. The inducing composition
is also a ligand that is highly specific for the EcR LBD of the
activation cassette. Binding of the inducing composition or
ligand to the LBD of the activation cassette results in induc-
tion of the inducible promoter of the target cassette and
expression of the nucleic acid sequence encoding the selected
regulatory protein. Thus this system modulates ethylene sen-
sitivity in the plant by decreasing or suppressing expression
of' the signal protein. The inducing composition also is char-
acterized by low toxicity to the plant cells, tissues, and organs.
The inducing composition also has the ability to be rapidly
depleted from the plant to “turn off” the modulation of eth-
ylene sensitivity, and allow efficient control of the modula-
tion, as described in more detail below.

Among such effective inducing compositions are ligands
that preferentially bind to the ecdysone ligand binding
domain. In certain embodiments, these ligands include dia-
cylhydrazine compounds, including the commercially avail-
able tebufenozide (Dow AgroSciences), methoxyfenozide
(Dow AgroSciences), halofenozide (Dow AgroSciences),
and chromafenozide (Nippon Kayaku) (see International
Patent Publication No. WO 96/027673 and U.S. Pat. No.
5,530,028). Other useful inducers are non-steroidal ligands
including the dibenzoylhydrazine derivatives described in
U.S. Pat. No. 6,258,603. Still other useful inducers are the
4-tetrahydroquinoline derivatives described in detail in US
Patent Application Publication No. US 2005/0228016. A
number of additional suitable compounds, such as 1-Aroyl-
4-(arylamino)-1,2,3,4-tetrahydroquinoline (THQ), are listed
in Kumar et al, J. Biol. Chem. 2004, 279(26):27211-8; Hor-
mann et al, J. Comput Aided Mol. Res 2003, 17(2-4):135-53;
Tice et al, Bioorg Med Chem Left 2003, 13(11:1883-6; and
Tice et al, 2003 Bioorg Med Chem Lett. 2003, 13(3):475-8.

Thus, the gene expression system is induced or “turned on”
by a chemical inducing composition or inducer which, when
in contact with the ligand binding domain of the activation
cassette, activates the response element of the minimal pro-
moter and thus turns on expression of the regulatory nucleic
acid sequence or gene that in turn suppresses expression of
the signal protein EIN2 or EIN3, making the plant ethylene
insensitive. This gene expression system also provides the
means for externally expressing the regulatory genes at suf-
ficiently high levels to overcome the effects of ethylene on the
expression of the signal proteins.

II. THE TRANSGENIC PLANT, PLANT CELL,
TISSUE OR ORGAN

As described above, the gene expression system is
designed for integration into a plant, plant cell or other tissue
or organ of a plant. Optionally, such integration may also be
transient. However, in certain embodiments of this invention
stable integration into the chromosomes of the plant is
desired.

In one embodiment, a transgenic plant cell is designed that
expresses a gene expression system as described above and in
which ethylene sensitivity is temporally and reversibly con-
trolled. Such a plant cell, in one embodiment, is a cell into
which the activation cassette and target cassette of the gene
expression system are transfected or transformed. In one
embodiment, wherein the activation and target cassettes are
on the same plasmid, this plasmid is transfected or trans-
formed into plant cells. In another embodiment, where the
activation and target cassettes are on separate plasmids, both
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plasmids are separately or together transfected or trans-
formed into the same plant cell. Alternatively, each of the two
separate plasmids is transfected or transformed into a differ-
ent cell of the same plant. In still an alternative embodiment,
each of the two plasmids is transformed separately into a
different plant, and each plant carrying a single plasmid is
sexually crossed to produce a hybrid containing both plas-
mids, thus providing a functional inducible system.

Transfection involves introducing the exogenous or heter-
ologous RNA or DNA inside the cell, so as to effect a pheno-
typic change. Transformation refers to the transfer and inte-
gration of anucleic acid fragment into the chromosomal DNA
of the plant cell, resulting in genetically stable inheritance.
Thus, plant cells containing the transformed nucleic acid
fragments are referred to as “transgenic” or “recombinant™ or
“transformed” organisms. Thus, progeny of the initially
transformed or transfected plant cells also have the cassettes
transiently or stably integrated into their chromosomes.

A. Transformation

The transformation of the plant cell involves producing
vectors or plasmids that comprise only the activation cassette,
only the target cassette, or both cassettes. See, the examples of
FIGS. 1,2, 3A-31, and 4A-41. Suitable vector and plant com-
binations are readily apparent to those skilled in the art and
can be found, for example, in Maliga et al, 1994 Methods in
Plant Molecular Biology: A Laboratory Manual, Cold Spring
Harbor, N.Y.

For example, a suitable “vector” is any means for the
cloning of and/or transter of a nucleic acid into a plant cell. A
vector may be a replicon to which another DNA segment may
be attached so as to bring about the replication of the attached
segment. A “replicon” is any genetic element (e.g., plasmid,
phage, cosmid, chromosome, virus) that functions as an
autonomous unit of DNA replication, i.e., capable of replica-
tion under its own control. Vectors useful to transform plant
cells with the gene expression system include both viral and
nonviral means for introducing the nucleic acid into a cell. A
large number of vectors known in the art may be used to
manipulate nucleic acids, incorporate response elements and
promoters into genes, etc. Possible vectors include, for
example, plasmids or modified plant viruses including, for
example bacteriophages such as lambda derivatives, or plas-
mids such as pBR322 or pUC plasmid derivatives, or the
Bluescript vector. Conventional means of ligating the appro-
priate DNA fragments into a chosen vector that has comple-
mentary cohesive termini or enzymatically modifying a suit-
able insertion site by ligating nucleotide sequences (linkers)
into the DNA termini are known. Any viral or non-viral vector
that can be used to transform plant cells is useful for this
purpose. Non-viral vectors include plasmids, liposomes,
electrically charged lipids (cytofectins), DNA-protein com-
plexes, and biopolymers. In addition to the cassettes of the
gene expression system, a vector may also comprise one or
more regulatory regions, and/or selectable markers useful in
selecting, measuring, and monitoring nucleic acid transfer
results (transfer to which tissues, duration of expression,
etc.).

The term “plasmid” refers to an extra chromosomal ele-
ment usually in the form of circular double-stranded DNA
molecules. Such elements may be autonomously replicating
sequences, genome integrating sequences, phage or nucle-
otide sequences, linear, circular, or supercoiled, of a single- or
double-stranded DNA or RNA, derived from any source, in
which a number of nucleotide sequences have been joined or
recombined into a unique construction which is capable of
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introducing a promoter fragment and DNA sequence for a
selected gene product along with appropriate 3' untranslated
sequence into a cell.

Vectors or plasmids may be introduced into the desired
plant cells by methods known in the art, e.g., transfection,
electroporation, microinjection, transduction, cell fusion,
DEAE dextran, calcium phosphate precipitation, lipofection
(lysosome fusion), use of a gene gun, or a DNA vector trans-
porter (see, e.g., Wuetal., 1992, J. Biol. Chem. 267:963 967,
Wu and Wu, 1988, J. Biol. Chem. 263:14621 14624, and
Hartmut et al., U.S. Pat. No. 5,354,844). Alternatively, the use
of cationic lipids may promote encapsulation of negatively
charged nucleic acids, and also promote fusion with nega-
tively charged cell membranes (Feigner and Ringold, 1989
Science 337:387 388). Particularly useful lipid compounds
and compositions for transfer of nucleic acids are described in
U.S. Pat. Nos. 6,172,048, 6,107,286, and 5,459,127. Other
molecules are also useful for facilitating transfection of a
nucleic acid, such as a cationic oligopeptide or cationic poly-
mer (e.g., U.S. Pat. No. 5,856,435), or peptides derived from
DNA binding proteins (e.g., U.S. Pat. No. 6,200,956). It is
also possible to introduce a vector as a naked DNA plasmid
(see U.S. Pat. Nos. 5,693,622, 5,589,466 and 5,580,859).
Receptor-mediated DNA delivery approaches can also be
used to effect transformation of the gene expression cassettes
into the plant cell. Transformation of plants may be accom-
plished, e.g., using Agrobacterium-mediated leaf disc trans-
formation methods of Horsch et al, 1988 Leaf Disc Transfor-
mation: Plant Molecular Biology Manual) or other methods
known in the art.

B. Propagation and Screening

Thus, after transforming at least one cell in the plant with
the gene expression system described above (in a single plas-
mid or as multiple transformed plasmids, each containing a
different cassette), a method for producing a transgenic plant,
plant tissue or plant organ further includes propagating a
plant, or plant hybrid as described above, from the trans-
formed plant cell or plant under conditions typical for the
selected plant. The plants are then screened to select the plants
(cells, tissues, organs) comprising or demonstrating the phe-
notypic traits of a transformed plant cell. For example, sub-
sequent screening of the resulting plants or cells, tissues and
organs thereof, is conducted to determine whether the plant
contains the desired integrated nucleic acid sequences of the
gene expression cassettes are also known to those of skill in
the art. For example, cells which have stably integrated the
introduced DNA into their chromosomes can be selected by
the use of one or more reporter genes or markers in the
plasmids. In the examples below, kanamycin, actinonin or
bialaphos is employed for this purpose.

A plant (tissue or organ) that has successfully integrated
the expression system demonstrates rapid ethylene insensi-
tivity when the plant is contacted with an inducing composi-
tion as described above. Any plant (including plant cell, tis-
sue, or organ) is susceptible to such transformation and thus
recombinant plants may be bred by conventional means.
Plants that are particularly desirable for transformation with
the gene expression system and thus susceptible to modula-
tion of their ethylene sensitivities include dicotyledons,
monocotyledons, decorative, flowering plants as well as
plants or plant parts for human or animal consumption. With-
out limitation, such plants include rice, maize, wheat, barley,
sorghum, millet, switchgrass, miscanthus, grass, oats,
tomato, potato, banana, kiwi fruit, avocado, melon, mango,
cane, sugar beet, tobacco, papaya, peach, strawberry, rasp-
berry, blackberry, blueberry, lettuce, cabbage, cauliflower,
onion, broccoli, brussel sprout, cotton, canola, grape, soy-

10

15

20

25

30

35

40

45

50

55

60

65

18

bean, oil seed rape, asparagus, beans, carrots, cucumbers,
eggplant, melons, okra, parsnips, peanuts, peppers, pine-
apples, squash, sweet potatoes, rye, cantaloupes, peas, pump-
kins, sunflowers, spinach, apples, cherries, cranberries,
grapefruit, lemons, limes, nectarines, oranges, peaches,
pears, tangelos, tangerines, lily, carnation, chrysanthemum,
petunia, rose, geranium, violet, gladioli, orchid, lilac, cra-
bapple, sweetgum, maple, poinsettia, locust, ash, poplar, lin-
den tree and Arabidopsis thaliana.

Plant tissues and organs include, without limitation, veg-
etative tissues, e.g., roots, stems, or leaves, and reproductive
tissues, such as fruits, ovules, embryos, endosperm, integu-
ment, seeds, seed coat, pollen, petal, sepal, pistils, flowers,
anthers, or any embryonic tissue.

1II. METHOD FOR CONTROLLING ETHYLENE
SENSITIVITY

Such transgenic plants, cells, tissues, flowers, seeds or
organs may be subject to a method for controlling ethylene
sensitivity by using an effective amount of the inducing com-
position for a sufficient duration and applied at an appropriate
time to inhibit the accumulation of a signal protein, such as
EIN2 or EIN3, particularly when the plant cell is exposed to
ethylene The inducing composition may be contacted with,
absorbed by, and/or translocated within, the cells of the trans-
genic plant, plant cells, plant tissues or plant organs. Appli-
cation techniques include, without limitation, immersing,
spraying, powdering, drenching, dripping, or irrigating the
plant, or soil or media in contact with the plant, with the
inducer.

In the presence of the inducing composition, the response
of the plant cells to ethylene is modulated by increasing the
expression of the selected regulatory or turnover protein. In
the examples below in which the selected protein is EPT1, the
application of the inducer increases the expression of EPT1,
which decreases or suppresses expression of EIN2 and inhib-
its its accumulation in the cell, thereby decreasing sensitivity
of the plant to ethylene. This decrease in sensitivity lasts for
the time during which the inducer is being applied to the plant
(cell, tissue or organ), and for such time as the plant continues
to metabolize the remaining inducer once active application is
stopped. Further this decrease can occur in the presence of
ethylene by overexpressing the regulatory protein to the
extent necessary to counteract the directly competing effect
of ethylene on the induction and expression of the ethylene-
inducible signal protein. The response of the plant cells to
ethylene is returned to wild-type, in this case, increased, after
a selected time by depriving the plant of the inducer. “Con-
trol”, “modulation” or “regulation” of the expression of the
regulatory protein that affects expression of the signal protein
and modulates ethylene sensitivity or ethylene production in
the plant cells may be accomplished in several ways. In one
embodiment of the method, modulation of the regulatory
protein expression (including the quantitative magnitude of
that expression) is controlled by the timing of application of
the inducing composition to the plant. In another embodi-
ment, the concentration of the inducing composition applied
to the plant is used to control protein expression (including
the quantitative magnitude of that expression) and thus eth-
ylene sensitivity. In still a further embodiment, the modula-
tion of the protein expression (including the quantitative mag-
nitude of that expression) is controlled by the duration of the
application of the inducing composition to the plant. Any one,
two or all three of these parameters of application of the
inducing composition may be varied during growth of the
plant to obtain the desired result.
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As one example of control through timing, the inducing
composition may be applied at a selected time in the plant’s
growth cycle to modulate ethylene sensitivity, e.g., before or
after one of the germination, fruit ripening, or flowering of the
plant or in response to an environmental condition (e.g.,
before or after the plant is exposed to a stress factor, such as
apathogen or drought). In another embodiment, the inducing
composition is applied at multiple times in the growth cycle
of'the plant. In still other embodiments, the application of the
inducing composition is ceased at selected times in order to
control ethylene sensitivity. The desired timing of application
may be selected and varied depending upon the type of plant
being treated, the potency of the inducing composition, and
its possible cytotoxic effects on the plant.

As one example of control through inducing composition
concentration, the inducing composition is applied to the
plant in a selected concentration based upon identity of the
inducing composition, the type of plant, the timing of the
application (i.e., whether the plant is or has been exposed to
ethylene at the time of application of the inducing composi-
tion), the size or age of the plant (e.g., seedling or mature
plant), and the circumstances of application (e.g., in the field
or in tissue cultures, pots or other laboratory or growing
containers). In one embodiment, the inducing composition is
applied at a concentration of at least 0.01 uM per plant, e.g.,
in tissue culture. In another embodiment, the inducing com-
position is applied at a concentration of at least 0.1 uM per
plant. In another embodiment, the inducing composition is
applied ata concentration of atleast 1 uM per plant. In another
embodiment, the inducing composition is applied at a con-
centration of atleast 10 uM per plant. In another embodiment,
the inducing composition is applied at a concentration of at
least 20 uM per plant. In another embodiment, the inducing
composition is applied at a concentration of at least S50 uM per
plant. In another embodiment, the inducing composition is
applied at a concentration of at least 100 uM per plant. In
another embodiment, the inducing composition is applied at a
concentration of at least 200 uM per plant. In another embodi-
ment, the inducing composition is applied at a concentration
of at least 500 uM per plant. In another embodiment, the
inducing composition is applied at a concentration of at least
700 uM per plant. In another embodiment, the inducing com-
position is applied at a concentration of at least 1 mM per
plant. In another embodiment, the inducing composition is
applied at a concentration of at least 3 mM per plant. In
another embodiment, the inducing composition is applied at a
concentration of at least 5 mM per plant. In still other embodi-
ments, the concentration is selected from among any frac-
tional concentration between 0.01 uM to at least 5 mM.

The third method of controlling modulation of the protein
mediating ethylene sensitivity or ethylene production in the
plant involves varying the duration of application of the
inducing composition. For example, the duration of applica-
tion of the inducing composition to the plant may range from
an application time of at least 10 minutes for at least 2 weeks
ormore, depending upon the eftect desired, the potency of the
inducer and the likelihood of undesirable cytotoxic effects. If
desired, the application of the inducing composition may be
given over a period of several days. In some embodiments, the
application of the inducing composition may be given over a
period of several weeks. In one embodiment, the above-noted
concentrations are generally applied to the plant(s) for at least
10 minutes. In another embodiment, the above-noted concen-
trations are applied to the plant(s) for at least 20 minutes to
decrease accumulation of the signal protein when in the
absence of ethylene. In another embodiment, when the plant
cell is exposed to ethylene which normally increases expres-
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sion of the signal protein, the inducing composition is applied
for at least 30 minutes. In another embodiment, the inducing
composition is applied for at least 1 hour. In another embodi-
ment, the inducing composition is applied for at least 2 hours.
In another embodiment, the inducing composition is applied
for at least 5 hours. In another embodiment, the inducing
composition is applied for at least 12 hours. In another
embodiment, the inducing composition is applied for at least
1 day. In another embodiment, the inducing composition is
applied for at least 2 days. In some embodiments, it may be
necessary or desirable to apply the inducing composition for
at least or up to 2 weeks. In one embodiment, the application
timing and concentration are selected by the person of skill in
the art to inhibit accumulation of the signal protein when the
plant is in the absence of ethylene, e.g., before the plant
undergoes stress or in the anticipation of stressful conditions
for the plant. In another embodiment, the application timing
and concentration are selected by the person of skill in the art
to inhibit accumulation of the signal protein when the plant is
in the presence of ethylene, e.g., while the plant is undergoing
stress.

For example, one protocol involves applying greater than
10 uM per plant for about 10 to 240 minutes to decrease or
inhibit the accumulation of the signal protein when the plant
is in the absence of ethylene. For example, one protocol
involves applying greater than 50 pM per plant for about 5
hours to 2 days to overcome the competing reaction of ethyl-
ene on expression and accumulation of the signal protein in
the plant cell. For example, see Example 7 below, which
demonstrates how the concentration of the inducer modulates
the degree of ethylene sensitivity shown by the plant. In a
manner similar to the control by timing of application, the
concentration of the inducing composition may be used to
respond to the changing requirements of the plant at different
growth stages or in response to changing environmental con-
ditions.

The composition and physical chemical properties of the
various inducers detailed previously may affect the applica-
tion time and concentration necessary to obtain the desired
biological effect. Given the teachings provided herein, the
concentration, timing and duration of application as well as
the inducing composition itself can be selected by an experi-
enced grower without undue experimentation.

In general, the time between ceasing application of inducer
to reversal of the plants’ response to the inducer is about 2 or
more days depending upon the size of the plant, the method of
application, and the amount of inducer applied.

The following examples detail how increasing the expres-
sion of ETP1, ETP2, and/or decreasing the expression of
EIN2, in a plant makes the plant less sensitive to ethylene.
However, one of skill in the art would readily appreciate that
in a similar fashion, increasing the expression of other regu-
latory proteins, e.g., EBF1, EBF2, and/or decreasing the
expression of another ethylene-induced signal protein, e.g.,
EIN3, in a plant makes the plant less sensitive to ethylene. The
response of the plant cells to ethylene is reversed, in this case,
increased, after a selected time by depriving the plant of the
inducer. This allows the plants to continue to develop, mature
and ripen normally once the induction is removed.

Application of the inducer to a plant stably transformed
with the gene expression system described herein permits
control of one or more characteristics of plant growth sensi-
tive to ethylene, such as, for example, senescence, fruit rip-
ening, germination, pathogen resistance, leaf abscission,
flower abscission, bud abscission, boll abscission, fruit
abscission and flowering, as well as the plant’s response to
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stress, such as caused by conditions of drought, heat, popu-
lation density and salinity, among others.

The methods described herein also can be employed more
specifically as methods for increasing a plant’s resistance
and/or tolerance to disease by increasing the ethylene insen-
sitivity of the plant. Alternatively, the method can be applied
to delay ripening or flowering of a plant, tissue or organ, e.g.,
for purposes of storage or transportation, by increasing the
ethylene insensitivity of the plant. In still another embodi-
ment, the method of using the transformed plants described
herein with the suitably timed application of the inducer
composition enables the treatment of plants undergoing
undesirable growing conditions, such as drought or excessive
heat, by applying the inducing composition to decrease sen-
sitivity to ethylene and allow the plant to more readily tolerate
the environmental conditions. One of skill in the art of plant
propagation and growth can readily select instances in which
the transformed plants and the method of induction of expres-
sion of the nucleic acid sequences described above will pro-
vide benefits based on the teachings of this specification.

Therefore, timing, duration or concentration of application
of'the inducer may be altered during growth of the plant using
the methods described herein to control the ethylene sensi-
tivity and thus the growth characteristics of the plant with
considerable precision.

IV. THE EXAMPLES

The following examples demonstrate use of an above-
described gene expression system, which comprises an acti-
vation cassette comprising, under control of a constitutive
(G10-90 promoter and in operative association therewith, (a) a
GAL4 DBD that recognizes a response element comprising
five copies of GAL4 response element; (b) an ecdysone
receptor LBD comprising domains D, E and F; and (c)aVP16
AD which is activated in the presence of an inducing compo-
sition. The target cassette comprises an inducible promoter
comprising, in operative association, the five copies of the
GAL 4 response element located upstream of the minimal
35S promoter responsive to activation of the VP16 AD, the
inducible promoter controlling expression of (e) a nucleic
acid sequence that encodes an ETP1 protein. According to
this embodiment, components of the activation cassette and
the target cassette, when in the plant cell, modulate expres-
sion of the ETP1 protein and selectively decrease ethylene
sensitivity in the plant cell. This protein expression is con-
trolled by interaction with the inducing composition, which
increases expression of the selected regulatory protein, which
in turn decreases expression of EIN2, and decreases ethylene
sensitivity in the plant cell. This modulation in protein expres-
sion is controlled by the timing, the concentration, and the
duration of the application of the inducing composition.

More specifically, the exemplified gene expression system
contains an activation cassette and target cassette present on a
single plasmid, p201. This plasmid is schematically illus-
trated in FIG. 1. Still another exemplary plasmid p202 is
illustrated in FIG. 2. The nucleic acid sequences of the gene
expression cassette components of each plasmid of FIGS. 1-2
are further identified as SEQ ID NOs: 1 and 2, respectively.
The nucleotide sequences of gene expression cassette com-
ponents of other plasmids p1004 and p1005 discussed in the
examples are disclosed in FIGS. 3A-31 and 4A-41 and in SEQ
ID NOs: 3 and 4.

The following examples illustrate certain embodiments of
the above-discussed compositions and methods. These
examples do not limit the disclosure of the claims and speci-
fication.
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Example 1

Plasmids

The gene cassette components, which are individually
cloned, include for the activation cassette:

the G10-90 constitutive promoter,

the VP16 activation domain,

the GAL4 DNA binding domain, and

an ecdysone receptor ligand binding domain associated

with the NOS terminator

sequence.

Similarly, the target cassette components are individually
cloned, including

the inducible promoter which consists of five copies of the

GALA4 response element and the minimal 35S promoter,
and
the ETP1 gene (GENBANK Ace. No. NM 112874) or the
ETP2 gene (GENBANK Acc. No. NM 112777) and

the 35S terminator sequence. All individual sequences are
identified by nucleotide numbers in SEQ ID NO: 1
described below.

In assembling the activation cassettes, the following com-
ponents are fused in two different orders to make two differ-
ent activation cassettes:

VP16 AD to GAL4 LBD to EcR(DEF) of DBD (abbrevi-
ated “VGE”) and

GAL4 LBD to VP16 AD to EcR(DEF) of DBD (abbrevi-
ated GVE).

It should be understood that while the plasmids below have
specific choices for the above components, including the EcR
LBD, the order of the components as VGE or GVE, the
selection of the gene subject to the inducible promoter of the
target cassette, and the plasmid backbone, all such compo-
nents can be selected by one of skill in the art and the plasmids
readily manipulated without undue experimentation. The fol-
lowing specific plasmids are exemplary only.

Thereafter, plasmid DNAs are made in pBlueScript I1 SK™
backbone (Stratagene). The SK™ multiple cloning sites region
is replaced with a new multiple cloning site containing the
recognition sites for 8 by cutting enzymes. Some of these
enzymatic cleavage sites are identified in FIGS. 1, 2, 3A-31
and 4A-41 of exemplary plasmids.

Exemplary E. coli plasmids are prepared and sequenced to
confirm the nucleotide sequence. Such plasmids contain
unique enzymatic cleavage sites for addition/deletion/ex-
change of each component as illustrated in the FIGS. 1, 2,
3A-31 and 4A-41. Thus, each entire construct can be trans-
ferred to any other vector of choice including a binary vector
for plant transformation.

The constructs made in SK™ minus plasmids are trans-
ferred to binary plasmid pBIN19 (American Type Culture
Collection Accession No. 37327). Since pBIN19 already has
neomycin plant selectable marker gene, LB, RB and nptll
selectable markers, the figures and/or sequence listing does
not indicate backbone sequences, but only shows the gene
expression sequences of interest, i.e., the primary compo-
nents of the gene expression system, e.g., the Ec receptor and
inducible ETP1 or ETP2 are cloned between the left and right
borders.

The following Agrobacterium binary plasmids are selected
for use in the production of transgenic plants:

p201 [G10-90p-VGE-NosT-5xGAL-M35S-ETP1] is used
to obtain transgenic plants containing the G10-90 promoter-
driven VGE receptor and inducible ETP1. The expression
cassette components of p201 are illustrated in SEQ ID NO: 1,
namely the G10-90 constitutive promoter (nucleotide 1 to 243
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of SEQ ID NO: 1), the VPI6 activation domain (nucleotide
249 to 529 of SEQ ID NO: 1), the GAL4 DNA binding
domain (nucleotide 534 to 985 of SEQ ID NO: 1), and an
ecdysone receptor ligand binding domain (nucleotide 990 to
1997 of SEQ ID NO: 1) associated with the NOS terminator
sequence (nucleotide 2070 to 2364 of SEQ ID NO: 1), the
inducible promoter which consists of five copies of the GAL4
response element (nucleotide 2391 t0 2492 of SEQ IDNO: 1)
and the minimal 35S promoter (nucleotide 2499 to 2554 of
SEQ ID NO: 1), the ETP1 gene (nucleotide 2557 to 3804 of
SEQ ID NO: 1) and the 35S terminator sequence (3828 to
4038 of SEQ ID NO: 1).

p202 [G10-90p-GVE-NosT-5xGAL-M35S-ETP2] is a
plasmid used to obtain transgenic plants containing the G10-
90 promoter-driven GVE receptor and inducible ETP2. See
FIG. 2 and SEQ ID NO: 2. The expression cassette compo-
nents of p202 are the G10-90 constitutive promoter (nucle-
otide 1 to 243 of SEQ ID NO: 2), the GAL4 DNA binding
domain (nucleotide 276 to 716 of SEQ ID NO: 2), the VP16
activation domain (nucleotide 717-974 of SEQ ID NO: 2),
and mutant the T52V mutant ecdysone receptor ligand bind-
ing domain described above (nucleotide 984 to 1991 of SEQ
ID NO: 2) associated with the NOS terminator sequence
(nucleotide 2064 to 2358 of SEQ ID NO: 2), the inducible
promoter which consists of five copies of the GAL4 response
element (nucleotide 2385 to 2486 of SEQ ID NO: 2), the
minimal 358 promoter (nucleotide 2493 to 2548 of SEQ ID
NO: 2), the ETP2 gene (nucleotide 2551 to 3717 of SEQ ID
NO: 2) and the 35S terminator sequence (3741 to 3951 of
SEQ ID NO: 2).

p1004 [G10-90p-VGE-NosT-5xGAL-M35S-ETP1 and
MMVp-def-rbcS-E9t] and its components are illustrated in
SEQ ID NO: 3, and a map and sequence of the components
shown in FIGS. 3A-31. These components are the G10-90
constitutive promoter (nucleotide 1 to 243 of SEQ ID NO: 3),
the VP16 activation domain (nucleotide 249 to 529 of SEQ ID
NO: 3), the GAL4 DNA binding domain (nucleotide 534 to
985 of SEQ ID NO: 3), and ecdysone receptor ligand binding
domain (nucleotide 990 to 1997 of SEQ ID NO: 3) associated
with the NOS terminator sequence (nucleotide 2070 to 2364
of SEQ ID NO: 3), the inducible promoter which consists of
five copies of the GAL4 response element (nucleotide 2391 to
2492 of SEQ ID NO: 3) and the minimal 35S promoter
(nucleotide 2499 to 2554 of SEQ ID NO: 3), the ETP1 gene
(nucleotide 2557 to 3804 of SEQ ID NO: 3), the 35S termi-
nator sequence (3828 to 4038 of SEQ ID NO: 3), the MMV
promoter (nucleotide 6265 to 5629 of SEQ ID NO: 3), the
P-DEF marker gene (nucleotide 5567-4746 of SEQ IDNO: 3)
and the rbeS-E9 terminator (nucleotide 4719 to 4075 of SEQ
ID NO: 3).

pl005 [G10-90p-GVE-NosT-5xGAL-M35S-ETP2 and
MMVp-def-rbcS-E9t] and its components are illustrated in
SEQ ID NO: 4, and a map and sequence of the components
shown in FIGS. 4A-41. These components are the G10-90
constitutive promoter (nucleotide 1 to 243 of SEQ ID NO: 4),
the GAL4 DNA binding domain (nucleotide 276 to 716 of
SEQ ID NO: 4), the VP16 activation domain (nucleotide 717
to 974 of SEQ ID NO: 4), and the ecdysone receptor ligand
binding domain described above (nucleotide 984 to 1991 of
SEQ ID NO: 4) associated with the NOS terminator sequence
(nucleotide 2064 to 2358 of SEQ ID NO: 4), the inducible
promoter which consists of five copies of the GAL4 response
element (nucleotide 2385-2486 of SEQ ID NO: 4) and the
minimal 358 promoter (nucleotide 2493 to 2548 of SEQ ID
NO: 4), the ETP2 gene (nucleotide 2551 to 3717 of SEQ ID
NO: 4), the 35S terminator sequence (3741103951 of SEQ ID
NO: 4), the MMV promoter (nucleotide 6178 to 5542 of SEQ
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ID NO: 4), the P-DEF marker gene (nucleotide 5483 to 4662
of SEQ ID NO: 4) and the rbcS-E9 terminator (nucleotide
4632 to 3988 of SEQ ID NO: 4).

Example 2
Production of Transgenic Arabidopsis Plants

Arabidopsis plants are transformed with plasmids from
Example 1 with Agrobacterium using the standard floral dip
protocol. Seed is harvested and plated onto kanamycin con-
taining media. Transformed plants are selected for ability to
grow on kanamycin and screened by PCR to confirm presence
of'the ETP1 or ETP2 genes. Positive transformants are selfed
to produce T1 seed. Seed is grown on kanamycin containing
media to identify lines homozygous for the transgenes.
Homozygous plants are used to test for induction of ethylene
insensitivity.

Example 3

Effect of Modulation of Ethylene Sensitivity on
Arabidopsis Plant Growth

A triple response assay (Guzman and Ecker, 1990 cited
above, modified as described below) is used to determine the
modulation of ethylene sensitivity in the transformed Arabi-
dopsis plants of Example 2. Wild-type, ein2-5 (an ethylene
insensitive mutant control) and p1004 or p1005 Arabidopsis
transformant seedlings are assayed. Arabidopsis seed is sur-
face-sterilized and imbibed in 20 uM inducer in the dark for 4
days at 4° C. The seed is plated on 0.5x MS with 1% sucrose
and 20 uM inducer with and without 20 pM ACC (the pre-
cursor of ethylene) and grown in the dark for 4-8 days at 21°
C. In some experiments, 5 uM AgNO; (an inhibitor of ethyl-
ene that induces ethylene insensitivity) is added to the media
as a control. The response to ethylene is scored on the last day.
The transgenic plants containing the activation and target
cassettes for expression of ETP1 or ETP2 in the presence of
inducer demonstrate ethylene insensitivity, based on
increased shoot length and/or altered root growth compared
to non-induced transgenic plants grown in the presence of the
ethylene precursor, ACC. It is anticipated that the results of
this example will demonstrate that the gene expression sys-
tem and plants transformed therewith, when treated with the
selected inducing compositions to which the gene expression
systems respond, permit successful modulation of ethylene
sensitivity. The transgenic plants containing the activation
and target cassettes for expression of ETP1 or ETP2 in the
presence of inducer are anticipated to demonstrate ethylene
insensitivity, based on increased root length compared to
non-induced transgenic plants under the same circumstances.

Example 4

Production of Transgenic Tomato Plants and Effect
of Modulation of Ethylene Sensitivity of Plant
Growth

Tomato cotyledon pieces are transformed using the plas-
mids from Example 1 by Agrobacterium using standard
methods. Putative transformants are selected using either
kanamycin or actinonin and confirmed by PCR analysis.
Positive transformants are selfed twice to obtain lines
homozygous for the transgenes. Homozygous plants are used
to test for induction of ethylene sensitivity in a manner similar
to that of Example 3.
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A triple response assay (Guzman and Ecker, 1990, cited
above, modified as described below) is used to determine the
modulation of ethylene sensitivity in the transformed tomato
plants. Seed from homozygous independent p1004 or p1005
lines are germinated in the dark on 0.5x MS medium+1%
sucrose containing 20 uM ACC, the precursor to ethylene.
Germination on ACC inhibits tomato seedling growth. Seed
from the same lines also is germinated in the presence of 20
UM ACC plus 20 uM inducer. Seedlings are grown in the dark
for 4-8 days at 21° C. The response to ethylene is scored on
the last day.

The transgenic plants containing the activation and target
cassettes for expression of ETP 1 or ETP2 in the presence of
inducer demonstrate ethylene insensitivity, based on
increased shoot length and/or altered root growth, compared
to non-induced transgenic plants grown in the presence of the
ethylene precursor, ACC. This example further demonstrates
that the gene expression system and plants transformed there-
with, when treated with the selected inducing compositions to
which the gene expression systems respond, permit success-
ful modulation of ethylene sensitivity.

Example 5

Production of Transgenic Corn Plants and Effect of
Modulation of Ethylene Sensitivity on Corn Plant
Growth

Corn plants are transformed using the plasmids for
Example 1 by microparticle bombardment. Putative transfor-
mants are selected using either actinonin or bialaphos and
confirmed by PCR analysis. Positive transformants are back-
crossed to inbred B73 to increase vigor. Transgenic corn
plants produced as described above are tested for modulation
of ethylene sensitivity. Modulation of ethylene sensitivity is
determined at the molecular level by exposing plants to ACC,
the precursor of ethylene, and measuring the change in induc-
tion of ethylene-induced genes. Stalk sheath tissue is excised
from transgenic TO corn plants grown in a green house and
used in an in vitro bioassay. Excised tissue is treated with
either water or 20 uM inducer for 2 days to induce expression
of ETP1 or ETP2. Following the 2 day induction period, the
tissue is treated for one day with 0, 1 or 10 uM ACC to
produce ethylene and then harvested and used to prepare
RNA.

Induction of an ethylene inducible gene (ACC oxidase) is
measured using quantitative PCR on an Applied Biosystems
7900 HT Fast Real-Time PCR system (ABI), TagMan Assay
Kit (ABI) is used for reverse transcriptase (RT) and PCR
using manufacturer recommended protocols. Corn 18s is
used as an internal control to normalize expression for each
sample.

Sequences for the primers and probes are as follows:

;‘ilsfward Primer CGTCCCTGCCCTTTGTACAC SEQ ID NO: 9
Reverse Primer ACACTTCACCGGACCATTCAA SEQ ID NO: 10
Probe CCGCCCGTCGCTCCTACCG SEQ ID NO: 11
ACC Oxidase(aco) :

Forward Primer GTTGTAGAAGGACGCGATGGA SEQ ID NO: 5
Reverse Primer CAGGTACAAGAGCGTCATGCA SEQ ID NO: 6
Probe TCCTGTTCCCGCTGGGCTGC SEQ ID NO: 7
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In order to determine gene expression, ACC oxidase
expression in the 0 uM inducer plus 0 uM ACC control treat-
ment is normalized for each respective corn line.

The transgenic plants containing the activation and target
cassettes for expression of ETP1 or ETP2 in the presence of
inducing compound demonstrate ethylene insensitivity,
based on decreased expression of ACC oxidase. Using a
similar approach, one of ordinary skill in the art also can
measure a decrease in the induction of the ethylene inducible
genes encoding either EIN2 or EIN3.

Example 6

Effect of ACC Concentration on Ethylene
Insensitivity

Homozygous seed from one p1004 line or one p1005 line
is germinated for 4 days and then grown on medium contain-
ing 20 uM inducer and either 5 pM AgNO; or various levels
of the ethylene precursor, ACC (i.e., 1.0-20 uM). Hypocotyl
and root length are measured after 10 days growth in the dark.
Because ethylene induces EIN2 while induction of ETP1 and
ETP2 target the EIN2 protein for turnover, it is expected that
there may be some decrease in the level of insensitivity
achieved at higher ACC concentrations as seen by slightly
less hypocotl and root elongation. This example demonstrates
that induction of ETP1 or ETP2 is able to induce ethylene
insensitivity and the level of insensitivity of the plant can be
modulated by the level of induction of ETP1 or ETP2.

Example 7

The Degree of Ethylene Insensitivity in Plants as a
Function of Inducer Concentration

Homozygous seeds from one pl1004 containing or one
p1005 containing line are germinated on medium containing
20 uM ACC and various levels of inducer (i.e., 0.5-20 Hypo-
cotyl and root length are measured after 10 days growth in the
dark. Because ethylene induces EIN2 while induction of
ETP1 and ETP2 target the EIN2 protein for turnover, it is
expected that there may be some decrease in the level of
ethylene insensitivity achieved at lower concentrations of
inducer as seen by slightly less hypocotl and root elongation.
This example demonstrates that induction of ETP1 or ETP2 is
able to induce ethylene insensitivity and the level of insensi-
tivity of the plant can be modulated by adjusting the level of
induction of ETP1 or ETP2.

Example 8

Transient Induction of Ethylene Insensitivity in
Plants

To demonstrate that induced ethylene insensitive plants
return to ethylene sensitive when the inducer is no longer
provided, homozygous seeds from one p1004 line or p1005
line are germinated on medium containing 20 pM ACC and
10-20 uM inducer for 2, 4, 6, 8 or 14 days. After 14 days
growth in the dark, hypocotyls and roots are measured to
assess ethylene insensitivity. In the presence of ACC, ethyl-
ene insensitive seedlings are expected to have longer hypo-
cotyls and roots. In the absence of inducer, the seedlings are
expected to become sensitive to ethylene and exhibit stunted
growth in the dark. Thus, root and hypocotyl growth of the
reversed seedlings should be intermediate between the sensi-
tive and insensitive seedlings. When the induced seedlings are
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removed from inducer, they are expected to return to a state of
ethylene sensitivity when compared to the non-induced con-
trol seedlings. While the above examples show the use of the
nucleotide sequences for ETP1 or ETP2, the specification
clearly provides one of skill in the art with the ability to
modulate expression of other regulatory genes, such as EBF1
and EBF2 in the same manner. The ethylene signal transduc-
tion pathway protein EIN3 is similarly induced by ethylene
and targeted for turnover by EBF1 and EBF2. Thus, induction
and modulation of EBF1 and EBF2 by use of methods and
compositions described herein in a plant should result in a
highly selective and temporary state of ethylene insensitivity
that can be returned to ethylene sensitivity upon removal of
the inducer.

28

Numerous modifications and variations of the embodi-
ments illustrated above are included in this specification and
are expected to be obvious to one of skill in the art. Such
modifications and alterations to the compositions and pro-
cesses described herein are believed to be encompassed in the
scope of the claims appended hereto.

All documents, including patents, patent applications and
publications, and non-patent publications listed or referred to
above, as well as the attached figures and/or Sequence List-
ing, are incorporated herein by reference in their entireties to
the extent they are not inconsistent with the explicit teachings
of this specification. However, the citation of any reference
herein should not be construed as an admission that such
reference is available as “Prior Art” to the instant application.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 11
<210>
<211>
<212>
<213>
<220>

<223>

SEQ ID NO 1

LENGTH: 4038

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: synthesized, based
Choristoneura fumiferana

<400> SEQUENCE: 1

on Arabidopsis and

atagtttaaa ctgaaggcgg gaaacgacaa tctgatccaa gctcaagcta agcttgcatg 60
cctgcaggat atcgtggatc caagettgec acgtgccgece acgtgeccgece acgtgecgcec 120
acgtgectcet agaggatcca tctccactga cgtaagggat gacgcacaat cccactatce 180
ttcgcaagac ccttectecta tataaggaag ttcatttcat ttggagagga cacgctggga 240
tccccaccat ggccceceeg accgatgtceca gectggggga cgaactccac ttagacggceg 300
aggacgtgge gatggegecat gecgacgege tagacgattt cgatctggac atgttggggg 360
acggggatte cccaggtccg ggatttacce cccacgacte cgcccectac ggcgetcetgg 420
atatggccga cttcgagttt gagcagatgt ttaccgatge ccttggaatt gacgagtacg 480
gtgggaagct tctaggtacc tccagaagaa tatcaggegg ggaattcegge gggatgaage 540
tactgtectte tatcgaacaa gcatgcgata tttgccgact taaaaagctce aagtgctcca 600
aagaaaaacc gaagtgcgcc aagtgtctga agaacaactyg ggagtgtcge tactctccca 660
aaaccaaaag gtctcegetg actagggcac atctgacaga agtggaatca aggctagaaa 720
gactggaaca gctatttcta ctgatttttc ctcgagaaga ccttgacatg attttgaaaa 780
tggattcttt acaggatata aaagcattgt taacaggatt atttgtacaa gataatgtga 840
ataaagatgc cgtcacagat agattggctt cagtggagac tgatatgcct ctaacattga 900
gacagcatag aataagtgcg acatcatcat cggaagagag tagtaacaaa ggtcaaagac 960
agttgactgt atcgggaggc ggtgggatcc ggcectgagtg cgtagtaccce gagactcagt 1020
gcgecatgaa gcggaaagag aagaaagcac agaaggagaa ggacaaactyg cctgtcagcea 1080
cgacgacggt ggacgaccac atgccgccca ttatgcagtg tgaacctcecca cctectgaag 1140
cagcaaggat tcacgaagtg gtcccaaggt ttcectctccga caagetgttg gtgacaaacce 1200
ggcagaaaaa catcccccag ttgacagcca accagcagtt ccttatcgece aggctcatct 1260
ggtaccagga cgggtacgag cagccttctg atgaagattt gaagaggatt acgcagacgt 1320
ggcagcaagce ggacgatgaa aacgaagagt cggacactcc cttecgcecag atcacagaga 1380
tgactatcct cacggtccaa cttatcgtgg agttcgcgaa gggattgcca gggttcecgceca 1440
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agatctcgca gecctgatcaa attacgctge ttaaggcettg ctcaagtgag gtaatgatgce 1500
tcecgagtege gegacgatac gatgcggcect ccgacagtgt tetgttcecgeg aacaaccaag 1560
cgtacactcg cgacaactac cgcaaggctg gcatggecta cgtcatcgag gatctactgce 1620
acttctgececg gtgcatgtac tcectatggegt tggacaacat ccattacgeg ctgctcacgg 1680
ctgtcgtecat cttttctgac cggccagggt tggagcagcce gcaactggtg gaagagatcce 1740
agcggtacta cctgaatacg ctccgcatct atatcctgaa ccagctgage gggtcecggegce 1800
gttcgtcecegt catatacggce aagatcctcect caatcctcte tgagctacgce acgctcggca 1860
tgcaaaactc caacatgtgc atctccctca agctcaagaa cagaaagctg ccgectttece 1920
tcgaggagat ctgggatgtg gcggacatgt cgcacaccca accgccgcect atcctcgagt 1980
cceccacgaa tctcetagece ctgcgegeac geatcgecga tgccgegtece ggecgegetyg 2040
ctctgagaat tcgatatcaa gcttctagac ccgggctgca gagatctacg cgttaagett 2100
aattcccgat cgttcaaaca tttggcaata aagtttctta agattgaatc ctgttgcecgg 2160
tcttgcgatg attatcatat aatttctgtt gaattacgtt aagcatgtaa taattaacat 2220
gtaatgcatg acgttattta tgagatgggt ttttatgatt agagtcccgc aattatacat 2280
ttaatacgcg atagaaaaca aaatatagcg cgcaaactag gataaattat cgcgcgcggt 2340
gtcatctatg ttactagatc ggggactagt aaggccggcec gcttggatcce gctcggagga 2400
cagtactccg ctcggaggac agtactccge tcggaggaca gtactccget cgaggacagt 2460
actcecgeteg gaggacagta ctccgatccg tcagatctge aagaccctte ctctatataa 2520
ggaagttcat ttcatttgga gaggacacgc tgaaccatga cgataccgga tctcectgtaac 2580
gatttggtcg atgagatact ctgtcgegtt ccggcgagga atctgaaacg gttacgatct 2640
accagcaaac gatggaaccg tttattcaaa gatgatagga gattcgcaag agagcacatg 2700
cataaagccce caaaggagta tctacctcte atgttgacaa gcgagtacag gatctgtecg 2760
gtgagcatca atctccaagg agatgttcct tcectgtagtgt taaagagaga gcttagecta 2820
ccagatccgg attattcaca tcaattcgat ataggtcgag tcetttcactg cgacggctta 2880
ttggtatgca accacgtagg caagaatccc cgatacggat ctaaaatcgt ggtttggaac 2940
ccgctgactg gtcaaaccag gtggatcgaa gccggctatce gttggaagga atacgaagtce 3000
agatttgttc tcggatactg ctaccagcaa gacgagaaca attcctgcag taaaaaaatc 3060
tacaaaattt tgtgttttta tcctaatggc caagatacag aaatctacga gcttaactac 3120
tctgataggt ggacaaggac gattcctgat ggtgatctca ctccaggctg gaccttgata 3180
tactcagagc agaccgtgtc tatgaatgga aatctttact tgtttgcttce ggagaaatca 3240
aaaccccatce ttggcgtgte cttgctcaga tttgatttcect caacagagaa atcatctcta 3300
tgtgtgactc ttccctatca gegtccaagg tatgaaattt tgagtattte cgccgttaga 3360
ggaggagaga atctttctct gttgttgcag ctcgattttg aatctaagac tgagatatgg 3420
gtgacgaata agattgatga caccaccacc aaaggagcag cagtctcttg gaccaaggtce 3480
ctagcatttg atttaagccc tgatcttcaa ttattttegg aggaggtaaa ttttttgett 3540
gacgaggata agaaagtcgc tgtgtgttgt gagagatggt tggaaccgca agagcaccac 3600
aggtaccagt gcaggagaga gtacaagatc accgacaaga tatacattct cggggaggat 3660
aataaagtcg atgaagtagg ttctggagag ggagaggcta cagattcact tgaaggaatt 3720
tcgcaagtta ttctcaatta cgctccaagt ttggtccaaa tcgagcaagce cggaggaggce 3780
aaaacaaaaa gaggtgacga ctaagcggcece getagggcat gtctagaagt ccgcaaaaat 3840
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-continued

caccagtctc tctctacaaa tcectatctcte tctattttte tccagaataa tgtgtgagta 3900
gttcccagat aagggaatta gggttcttat agggtttcge tcatgtgttg agcatataag 3960
aaacccttag tatgtatttg tatttgtaaa atacttctat caataaaatt tctaattcct 4020
aaaaccaaaa tccagtga 4038
<210> SEQ ID NO 2
<211> LENGTH: 3951
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: synthesized, based on Arabidopsis and

Choristoneura fumiferana
<400> SEQUENCE: 2
atagtttaaa ctgaaggcgg gaaacgacaa tctgatccaa gctcaagcta agcttgcatg 60
cctgcaggat atcgtggatc caagcttgece acgtgcecgece acgtgccgece acgtgecgece 120
acgtgectet agaggatcca tctccactga cgtaagggat gacgcacaat cccactatce 180
ttecgecaagac ccttecteta tataaggaag ttcatttcat ttggagagga cacgetggga 240
tcecccaccat ggatccgeca ccatgctage ccaccatgaa gctactgtet tctatcgaac 300
aagcatgcga tatttgccga cttaaaaagce tcaagtgcte caaagaaaaa ccgaagtgcg 360
ccaagtgtct gaagaacaac tgggagtgtce getactctece caaaaccaaa aggtctccge 420
tgactagggce acatctgaca gaagtggaat caaggctaga aagactggaa cagctattte 480
tactgatttt tcctecgagaa gaccttgaca tgattttgaa aatggattct ttacaggata 540
taaaagcatt gttaacagga ttatttgtac aagataatgt gaataaagat gccgtcacag 600
atagattggce ttcagtggag actgatatgc ctctaacatt gagacagcat agaataagtg 660
cgacatcatc atcggaagag agtagtaaca aaggtcaaag acagttgact gtatccatgg 720
ccececcgac cgatgtcage ctgggggacg aactccactt agacggcgag gacgtggcga 780
tggcgecatge cgacgegeta gacgattteg atctggacat gttgggggac ggggattcce 840
caggtcceggg atttacccce cacgacteeg ceccctacgyg cgetetggat atggecgact 900
tcgagtttga gcagatgttt accgatgecce ttggaattga cgagtacggt gggaagette 960
taggtacctc tagaagaata tcgtggectg agtgcgtagt acccgagact cagtgcgceca 1020
tgaagcggaa agagaagaaa gcacagaagg agaaggacaa actgcectgtce agcacgacga 1080
cggtggacga ccacatgccg cccattatge agtgtgaacc tccacctcect gaagcagcaa 1140
ggattcacga agtggtccca aggtttctct ccgacaaget gttggagaca aaccggcaga 1200
aaaacatccc ccagttgaca gccaaccagce agttceccttat cgccaggcte atctggtacce 1260
aggacgggta cgagcagcct tcectgatgaag atttgaagag gattacgcag acgtggcagc 1320
aagcggacga tgaaaacgaa gagtcggaca ctcectteeg ccagatcaca gagatgacta 1380
tcetcacggt ccaacttate gtggagttcg cgaagggatt gccagggttce gcecaagatct 1440
cgcagcectga tcaaattacg ctgcttaagg cttgctcaag tgaggtaatg atgctceccgag 1500
tcgecgegacg atacgatgeg gectcecgaca gtgttcectgtt cgcgaacaac caagcgtaca 1560
ctcgcgacaa ctaccgcaag gctggcatgg cctacgtcat cgaggatcta ctgcacttcet 1620
gccggtgeat gtactctatg gcgttggaca acatccatta cgecgetgetce acggctgteg 1680
tcatctttte tgaccggcca gggttggage agccgcaact ggtggaagag atccagcggt 1740
actacctgaa tacgctcege atctatatce tgaaccagcet gagcgggteg gegegttegt 1800



33

US 9,212,373 B2

-continued
ccgtcatata cggcaagatc ctctcaatce tctetgaget acgcacgcte ggcatgcaaa 1860
actccaacat gtgcatctcc ctcaagctca agaacagaaa gctgccgcect ttectcegagg 1920
agatctggga tgtggcggac atgtcgcaca cccaaccgcce gectatccte gagtccccca 1980
cgaatctcta gecccectgege gcacgcatcg ccgatgecge gtceccecggcecge getgcetetga 2040
gaattcgata tcaagcttct agacccgggce tgcagagatc tacgcgttaa gcttaattcece 2100
cgatcgttca aacatttggc aataaagttt cttaagattg aatcctgttg ccggtcecttgce 2160
gatgattatc atataatttc tgttgaatta cgttaagcat gtaataatta acatgtaatg 2220
catgacgtta tttatgagat gggtttttat gattagagtc ccgcaattat acatttaata 2280
cgcgatagaa aacaaaatat agcgcgcaaa ctaggataaa ttatcgcgeg cggtgtcatce 2340
tatgttacta gatcggggac tagtaaggcc ggccgcttgg atccgctcecgg aggacagtac 2400
tcegetegga ggacagtact ccgcteggag gacagtactce cgctcgagga cagtactecg 2460
ctcggaggac agtactccga tceccgtcagat ctgcaagacc cttcectctat ataaggaagt 2520
tcatttcatt tggagaggac acgctgaacc atgaagacaa tacaggagca gcttccaaat 2580
gacttggtag aggagatact ctgtcgegtt ccggcaacat ctctgagacg tttacgatcg 2640
acttgcaaag catggaaccg tttattcaaa ggtgatcgga tattagcaag taagcatttt 2700
gaaaaatccg caaaacagtt tagatctcta tcgttaagga atgattacag gatttttecg 2760
attagcttca atctccatgg aaatagtcca tctctagagce ttaaaagtga gctaatcgat 2820
cctcattcta agaattcage tgctccattc gaaatatctc gagtcattca ctgtgaggga 2880
ttgttgttgt gctcectcececa attggacgaa tctagagtceg tggtttggaa tectttaacce 2940
ggtgaaacca ggtggatcag aaccggcgat tttcgccaaa aaggccgtag ctttgatgte 3000
gggtactact accaaaaaga caagagatcc tggatcaaga gctacaaact cttgtgctat 3060
tatcgtggta ccaaatattt tgaaatctac gattttgact ctgattcatg gaggattctt 3120
gatgatatta tcgctccacg ggggagtatt ggatactcgg aacttagegt gtctctgaaa 3180
ggaaatactt actggttcgc taaaggtgta acagaagagc ggccccgcac catatcattg 3240
ctcaaatttg atttttatac agagaaatct gtacctgtgc ttcttcccta tcagagtcegt 3300
cgtcttttee aagctagtag cctttetgtt gttagagaag ataaactttce tgtgttattg 3360
cagctagatc aaagttccaa gactgagata tgggtgacaa atgtgattga tgagaccacc 3420
aaaggagcag tttcttggac caaggtctta gcattggatt tgagccctca tcecttcagatt 3480
gggaatgatg gaagtttctt cctaggcgag gataagaaag tcgtcatgtt ctgtgagaaa 3540
ttgattgatg agaacaaggt caaagacatg gtctacattg ttggggagga taatgttgtc 3600
acagaagtgg gatttggagt agatgaaatg gatggatgtc gggcagttat tcttaattat 3660
gttccaagtt tggttcaaat cgagcgagct ggaggcaaca ggaaaagagg gcactaagcyg 3720
gccgcectaggg catgtctaga agtccgcaaa aatcaccagt ctcetctcectac aaatctatcet 3780
ctctctattt ttctccagaa taatgtgtga gtagttccca gataagggaa ttagggttcet 3840
tatagggttt cgctcatgtg ttgagcatat aagaaaccct tagtatgtat ttgtatttgt 3900
aaaatacttc tatcaataaa atttctaatt cctaaaacca aaatccagtg a 3951

<210> SEQ ID NO 3
<211> LENGTH: 8716
<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:



35

US 9,212,373 B2

-continued

<223> OTHER INFORMATION:

Choristoneura fumiferana

<400> SEQUENCE: 3

atagtttaaa

cctgecaggat

acgtgectet

ttcgcaagac

tccccaccat

aggacgtggc

acggggattce

atatggccga

gtgggaagct

tactgtette

aagaaaaacc

aaaccaaaag

gactggaaca

tggattettt

ataaagatgc

gacagcatag

agttgactgt

gegecatgaa

cgacgacggt

cagcaaggat

ggcagaaaaa

ggtaccagga

ggcagcaage

tgactatcct

agatctcgea

tcegagtege

cgtacacteg

acttctgeeg

ctgtegteat

agcggtacta

gttegteegt

tgcaaaactc

tcgaggagat

ccecceccacgaa

ctctgagaat

aattcccgat

tcttgegatyg

ctgaaggcgg

atcgtggatc

agaggatcca

ccttecteta

ggceccececy

gatggcgcat

cccaggtecyg

cttcgagttt

tctaggtacce

tatcgaacaa

gaagtgcgee

gtcteegety

gctatttcta

acaggatata

cgtcacagat

aataagtgcg

atcgggaggc

dcggaaagag

ggacgaccac

tcacgaagtyg

catcceecag

cgggtacgag

ggacgatgaa

cacggtccaa

gectgatcaa

gcgacgatac

cgacaactac

gtgcatgtac

cttttetgac

cctgaatacyg

catatacgge

caacatgtge

ctgggatgtg

tctetagece

tcgatatcaa

cgttcaaaca

attatcatat

gaaacgacaa

caagcttgec

tctecactga

tataaggaag

accgatgtca

gecgacgege

ggatttacce

gagcagatgt

tccagaagaa

gecatgcgata

aagtgtctga

actagggcac

ctgattttte

aaagcattgt

agattggett

acatcatcat

ggtgggatcc

aagaaagcac

atgccgecca

gtceccaaggt

ttgacagcca

cagecttetyg

aacgaagagt

cttategtgyg

attacgctge

gatgcggect

cgcaaggetyg

tctatggegt

cggccagggt

ctcegeatcet

aagatcctcet

atctccectca

geggacatgt

ctgegegeac

gettcetagac

tttggcaata

aatttctgtt

synthesized, based

tctgatccaa

acgtgecgec

cgtaagggat

ttcatttcat

geetggggga

tagacgattt

cccacgacte

ttaccgatge

tatcaggcgyg

tttgccgact

agaacaactg

atctgacaga

ctcgagaaga

taacaggatt

cagtggagac

cggaagagag

ggcctgagtg

agaaggagaa

ttatgcagtyg

ttctectecga

accagcagtt

atgaagattt

cggacactee

agttcgcgaa

ttaaggcttyg

ccgacagtgt

gecatggccta

tggacaacat

tggagcagec

atatcctgaa

caatcctcte

agctcaagaa

cgcacaccca

gecatcgecga

cegggetgea

aagtttctta

gaattacgtt

on Arabidopsis and

gctcaagceta

acgtgecgee

gacgcacaat

ttggagagga

cgaactccac

cgatctggac

cgececectac

ccttggaatt

ggaattcgge

taaaaagctce

ggagtgtcgc

agtggaatca

ccttgacatyg

atttgtacaa

tgatatgect

tagtaacaaa

cgtagtacce

ggacaaactg

tgaacctcca

caagctgttyg

ccttategee

gaagaggatt

ctteccgecag

gggattgcca

ctcaagtgag

tctgttegey

cgtcatcgag

ccattacgeg

gcaactggtyg

ccagctgage

tgagctacge

cagaaagctyg

accgecegect

tgcecgegtee

gagatctacg

agattgaatc

aagcatgtaa

agcttgcatg

acgtgecgee

cccactatce

cacgctggga

ttagacggeyg

atgttggggg

ggCgCtCtgg

gacgagtacg

gggatgaagc

aagtgctcca

tactctccca

aggctagaaa

attttgaaaa

gataatgtga

ctaacattga

ggtcaaagac

gagactcagt

cctgtcagea

cctectgaag

gtgacaaacc

aggctcatct

acgcagacgt

atcacagaga

gggttegeca

gtaatgatgce

aacaaccaag

gatctactge

ctgcteacgy

gaagagatcc

gggtecggege

acgcteggea

cecgectttee

atcctegagt

ggCCgCgCtg

cgttaagett

ctgttgeegy

taattaacat

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220
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gtaatgcatg acgttattta tgagatgggt ttttatgatt agagtcccgc aattatacat 2280
ttaatacgcg atagaaaaca aaatatagcg cgcaaactag gataaattat cgcgcgcggt 2340
gtcatctatg ttactagatc ggggactagt aaggccggcec gcttggatcce gctcggagga 2400
cagtactccg ctcggaggac agtactccge tcggaggaca gtactccget cgaggacagt 2460
actcecgeteg gaggacagta ctccgatccg tcagatctge aagaccctte ctctatataa 2520
ggaagttcat ttcatttgga gaggacacgc tgaaccatga cgataccgga tctcectgtaac 2580
gatttggtcg atgagatact ctgtcgegtt ccggcgagga atctgaaacg gttacgatct 2640
accagcaaac gatggaaccg tttattcaaa gatgatagga gattcgcaag agagcacatg 2700
cataaagccce caaaggagta tctacctcte atgttgacaa gcgagtacag gatctgtecg 2760
gtgagcatca atctccaagg agatgttcct tcectgtagtgt taaagagaga gcttagecta 2820
ccagatccgg attattcaca tcaattcgat ataggtcgag tcetttcactg cgacggctta 2880
ttggtatgca accacgtagg caagaatccc cgatacggat ctaaaatcgt ggtttggaac 2940
ccgctgactg gtcaaaccag gtggatcgaa gccggctatce gttggaagga atacgaagtce 3000
agatttgttc tcggatactg ctaccagcaa gacgagaaca attcctgcag taaaaaaatc 3060
tacaaaattt tgtgttttta tcctaatggc caagatacag aaatctacga gcttaactac 3120
tctgataggt ggacaaggac gattcctgat ggtgatctca ctccaggctg gaccttgata 3180
tactcagagc agaccgtgtc tatgaatgga aatctttact tgtttgcttce ggagaaatca 3240
aaaccccatce ttggcgtgte cttgctcaga tttgatttcect caacagagaa atcatctcta 3300
tgtgtgactc ttccctatca gegtccaagg tatgaaattt tgagtattte cgccgttaga 3360
ggaggagaga atctttctct gttgttgcag ctcgattttg aatctaagac tgagatatgg 3420
gtgacgaata agattgatga caccaccacc aaaggagcag cagtctcttg gaccaaggtce 3480
ctagcatttg atttaagccc tgatcttcaa ttattttegg aggaggtaaa ttttttgett 3540
gacgaggata agaaagtcgc tgtgtgttgt gagagatggt tggaaccgca agagcaccac 3600
aggtaccagt gcaggagaga gtacaagatc accgacaaga tatacattct cggggaggat 3660
aataaagtcg atgaagtagg ttctggagag ggagaggcta cagattcact tgaaggaatt 3720
tcgcaagtta ttctcaatta cgctccaagt ttggtccaaa tcgagcaagce cggaggaggce 3780
aaaacaaaaa gaggtgacga ctaagcggcece getagggcat gtctagaagt ccgcaaaaat 3840
caccagtctc tctctacaaa tcectatctcte tctattttte tccagaataa tgtgtgagta 3900
gttcccagat aagggaatta gggttcttat agggtttcge tcatgtgttg agcatataag 3960
aaacccttag tatgtatttg tatttgtaaa atacttctat caataaaatt tctaattcct 4020
aaaaccaaaa tccagtgact gcaggcatgc aagcttatcg ataccgtcga cgattgatgce 4080
atgttgtcaa tcaattggca agtcataaaa tgcattaaaa aatattttca tactcaacta 4140
caaatccatg agtataacta taattataaa gcaatgatta gaatctgaca aggattctgg 4200
aaaattacat aaaggaaagt tcataaatgt ctaaaacaca agaggacata cttgtattca 4260
gtaacatttg cagcttttct aggtctgaaa atatatttgt tgcctagtga ataagcataa 4320
tggtacaact acaagtgttt tactcctcat attaacttcg gtcattagag gccacgattt 4380
gacacatttt tactcaaaac aaaatgtttg catatctctt ataatttcaa attcaacaca 4440
caacaaataa gagaaaaaac aaataatatt aatttgagaa tgaacaaaag gaccatatca 4500
ttcattaact cttctccatc catttccatt tcacagttcg atagcgaaaa ccgaataaaa 4560
aacacagtaa attacaagca caacaaatgg tacaagaaaa acagttttcc caatgccata 4620
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atactcaaac tcagtaggat tctggtgtgt gcgcaatgaa actgatgcat tgaacttgac 4680
gaacgttgtc gaaaccgatg atacgaacga aagctctaga ggatcaattc gagctcttag 4740
gtcgacccac gtttgccaaa accaactcct gectctecttt tttgtcegtge ttcectactett 4800
tcagggcttg gcaatccagt tttttcettceg tacttctttt ctagggccte tagctcettca 4860
cgaatgctat caagaacttg atccgtcatt ctgtcaaaga agagaactcc ctccagatgg 4920
tcgtattegt gectgaaagat tcegtgcaggt aaacgtgata gactgattga aaatctttca 4980
ccagtaatat cccttgcatc aatcttgaca gattgtggtc gaacaacttc agcatagatc 5040
ccegggaagg agaggcatcce ttcatcaaac ggtactaatt tatcggaata tttcettgatt 5100
ttcggattta caaggacaat ttcttttcecct tcteccaggect ctceccagcectgg attaaacacc 5160
atgagttgaa cattgagacc tacttgtggt gctgagagcc caatgccatc cgttttgtac 5220
ataacatcaa acatagcatc aaccaagttc tttaaattct cgtcaaaaat atcaatcctce 5280
ttgttcttag cccgtagtat aggatccgga tactcaacaa tcttcaaagg cgtctcaaat 5340
tgaacatcag tagctgaagc tactttatcg tctttacgeg agacgcgctt tacttcectgeg 5400
cggaccgaag atgtcagagg actggtccgg ttcacagtag agcagaacgt gaccgtggat 5460
ttgagccgac cataaccggce agagagagta gtagctcgge gagataaaac cggtaggagt 5520
atgcgagaga gtggtggagc ttggaggaag cagttacaga cggctcccat ggtggaagta 5580
tttgaaagaa aattaaaaat aaaaagatcc gctcgaggat ccaagcttag atgagagatt 5640
tcgattecga ttttgattte gattccgatt ttgatttega ttgatctctt ccecttetgatt 5700
tgtgttcectt atataaggaa attcttgtgg gattagacgt catggcttac gtcatttect 5760
tcgtectgtt getcactgat tgagctgtga gtggagggac cactggaaga tgcttcacta 5820
attttcttag tggagggacc ggcttcacat gcttcacaca agtggctgtce gggcatcatc 5880
ttttttagect tttgacaaag caatgtttta gtggtggctc ccactcttat cttcaacatt 5940
attatcttat cttcaaagga cgataagatg ttgatgtctg tggacgaagt tgggattaga 6000
cgtcatggcet tacgtcattt ccttcecgtcecct gttgctcact gattgagctg tgagtggagg 6060
gaccactgga agatgcttca ctaattttct tagtggaggg accggcttct catgcttcac 6120
acaagtggct gtcgggcatc atctttttta gcttttgaca aagcaatgtt ttagtggggg 6180
ctcccactcet tatcttcaac attattatct tatcttcaaa ggacgataag atgttgatgt 6240
ctgtggacga agttgacgaa tttcgacctg caggcatgca agcttggcgt aatcatggtce 6300
atagctgttt cctgtgtgaa attgttatcc gctcacaatt ccacacaaca tacgagccgg 6360
aagcataaag tgtaaagcct ggggtgccta atgagtgagce taactcacat taattgegtt 6420
gcgcectcactyg ccecgetttee agtegggaaa cctgtegtge cagcectgcatt aatgaatcegg 6480
ccaacgcegeg gggagaggcg gtttgegtat tgggccaaag acaaaagggce gacattcaac 6540
cgattgaggg agggaaggta aatattgacg gaaattattc attaaaggtg aattatcacc 6600
gtcaccgact tgagccattt gggaattaga gccagcaaaa tcaccagtag caccattacc 6660
attagcaagg ccggaaacgt caccaatgaa accatcgata gcagcaccgt aatcagtage 6720
gacagaatca agtttgcctt tagcgtcaga ctgtagcgeg ttttcatcgg catttteggt 6780
catagccccce ttattagegt ttgccatctt ttcataatca aaatcaccgg aaccagagcce 6840
accaccggaa ccgecteect cagagecgece accctcagaa ccegecaccct cagagecace 6900
accctcagag ccgccaccag aaccaccacce agagecgecg ccagcattga caggaggcce 6960
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gatctagtaa catagatgac accgcgcgceg ataatttatc ctagtttgceg cgctatattt 7020
tgttttctat cgcgtattaa atgtataatt gcgggactct aatcataaaa acccatctca 7080
taaataacgt catgcattac atgttaatta ttacatgctt aacgtaattc aacagaaatt 7140
atatgataat catcgcaaga ccggcaacag gattcaatct taagaaactt tattgccaaa 7200
tgtttgaacg atcggggatc atccgggtct gtggcgggaa ctccacgaaa atatccgaac 7260
gcagcaagat atcgcggtgce atctecggtcet tgcctgggca gtegecgecg acgecgttga 7320
tgtggacgcce gggcccgate atattgtcge tcaggategt ggegttgtge ttgtceggecg 7380
ttgctgtegt aatgatatcg gcaccttcga ccgectgtte cgcagagatce ccegtgggcega 7440
agaactccag catgagatcc ccgcgetgga ggatcatcca gecggcegtece cggaaaacga 7500
ttccgaagece caacctttceca tagaaggcgg cggtggaatc gaaatctcecgt gatggcaggt 7560
tgggcgtege ttggtcggte atttcgaacce ccagagtcecce gectcagaaga actcgtcaag 7620
aaggcgatag aaggcgatgc gectgcgaatce gggagceggeg ataccgtaaa gcacgaggaa 7680
gcggtcagece cattcgecge caagctcttce agcaatatca cgggtagecca acgctatgte 7740
ctgatagcegg tccgecacac ccagecggece acagtcgatyg aatccagaaa agceggecatt 7800
ttccaccatg atattcggca agcaggcatc gccatgggtce acgacgagat catcgccgtce 7860
gggcatgcege gcecttgagcee tggcgaacag ttcecggctgge gcegagceccct gatgetette 7920
gtccagatca tcecctgatcga caagaccggce ttccatccga gtacgtgetce gctecgatgeg 7980
atgttteget tggtggtcga atgggcaggt agccggatca agcgtatgca gecgecgcat 8040
tgcatcagcce atgatggata ctttctegge aggagcaagg tgagatgaca ggagatcctg 8100
ccecggecact tecgcccaata gcagccagte cctteceget tcagtgacaa cgtcgagcac 8160
agctgegcaa ggaacgceccg tecgtggecag ccacgatage cgegetgect cgtectgcag 8220
ttcattcagg gcaccggaca ggtcggtctt gacaaaaaga accgggcgcece cctgcegctga 8280
cagccggaac acggcggcat cagagcagcce gattgtetgt tgtgcccagt catagccgaa 8340
tagcctetee acccaagegg ccggagaacce tgcgtgcaat ccatcttgtt caatcatgeg 8400
aaacgatcca gatccggtge agattatttg gattgagagt gaatatgaga ctctaattgg 8460
ataccgaggg gaatttatgg aacgtcagtg gagcattttt gacaagaaat atttgctagc 8520
tgatagtgac cttaggcgac ttttgaacgc gcaataatgg tttctgacgt atgtgcttag 8580
ctcattaaac tccagaaacc cgcggctgag tggctceccttce aacgttgcgg ttetgtcagt 8640
tccaaacgta aaacggcttg tcecccgegtca tcecggeggggg tcataacgtg actcccttaa 8700
ttcteegete atgatce 8716
<210> SEQ ID NO 4
<211> LENGTH: 8629
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: synthesized, based on Arabidopsis and

Choristoneura fumiferana
<400> SEQUENCE: 4
atagtttaaa ctgaaggcgg gaaacgacaa tctgatccaa gctcaagcta agcttgcatg 60
cctgcaggat atcgtggatc caagcttgece acgtgcecgece acgtgccgece acgtgecgece 120
acgtgectet agaggatcca tctccactga cgtaagggat gacgcacaat cccactatce 180
ttecgecaagac ccttecteta tataaggaag ttcatttcat ttggagagga cacgetggga 240
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tcecccaccat ggatccgeca ccatgctage ccaccatgaa gctactgtet tctatcgaac 300
aagcatgcga tatttgccga cttaaaaagce tcaagtgcte caaagaaaaa ccgaagtgcg 360
ccaagtgtct gaagaacaac tgggagtgtce getactctece caaaaccaaa aggtctccge 420
tgactagggce acatctgaca gaagtggaat caaggctaga aagactggaa cagctattte 480
tactgatttt tcctecgagaa gaccttgaca tgattttgaa aatggattct ttacaggata 540
taaaagcatt gttaacagga ttatttgtac aagataatgt gaataaagat gccgtcacag 600
atagattggce ttcagtggag actgatatgc ctctaacatt gagacagcat agaataagtg 660
cgacatcatc atcggaagag agtagtaaca aaggtcaaag acagttgact gtatccatgg 720
ccececcgac cgatgtcage ctgggggacg aactccactt agacggcgag gacgtggcga 780
tggcgecatge cgacgegeta gacgattteg atctggacat gttgggggac ggggattcce 840
caggtcceggg atttacccce cacgacteeg ceccctacgyg cgetetggat atggecgact 900
tcgagtttga gcagatgttt accgatgecce ttggaattga cgagtacggt gggaagette 960
taggtacctc tagaagaata tcgtggectg agtgcgtagt acccgagact cagtgcgceca 1020
tgaagcggaa agagaagaaa gcacagaagg agaaggacaa actgcectgtce agcacgacga 1080
cggtggacga ccacatgccg cccattatge agtgtgaacc tccacctcect gaagcagcaa 1140
ggattcacga agtggtccca aggtttctct ccgacaaget gttggagaca aaccggcaga 1200
aaaacatccc ccagttgaca gccaaccagce agttceccttat cgccaggcte atctggtacce 1260
aggacgggta cgagcagcct tcectgatgaag atttgaagag gattacgcag acgtggcagc 1320
aagcggacga tgaaaacgaa gagtcggaca ctcectteeg ccagatcaca gagatgacta 1380
tcetcacggt ccaacttate gtggagttcg cgaagggatt gccagggttce gcecaagatct 1440
cgcagcectga tcaaattacg ctgcttaagg cttgctcaag tgaggtaatg atgctceccgag 1500
tcgecgegacg atacgatgeg gectcecgaca gtgttcectgtt cgcgaacaac caagcgtaca 1560
ctcgcgacaa ctaccgcaag gctggcatgg cctacgtcat cgaggatcta ctgcacttcet 1620
gccggtgeat gtactctatg gcgttggaca acatccatta cgecgetgetce acggctgteg 1680
tcatctttte tgaccggcca gggttggage agccgcaact ggtggaagag atccagcggt 1740
actacctgaa tacgctcege atctatatce tgaaccagcet gagcgggteg gegegttegt 1800
ccgtcatata cggcaagatc ctctcaatce tctetgaget acgcacgcte ggcatgcaaa 1860
actccaacat gtgcatctcc ctcaagctca agaacagaaa gctgccgcect ttectcegagg 1920
agatctggga tgtggcggac atgtcgcaca cccaaccgcce gectatccte gagtccccca 1980
cgaatctcta gecccectgege gcacgcatcg ccgatgecge gtceccecggcecge getgcetetga 2040
gaattcgata tcaagcttct agacccgggce tgcagagatc tacgcgttaa gcttaattcece 2100
cgatcgttca aacatttggc aataaagttt cttaagattg aatcctgttg ccggtcecttgce 2160
gatgattatc atataatttc tgttgaatta cgttaagcat gtaataatta acatgtaatg 2220
catgacgtta tttatgagat gggtttttat gattagagtc ccgcaattat acatttaata 2280
cgcgatagaa aacaaaatat agcgcgcaaa ctaggataaa ttatcgcgeg cggtgtcatce 2340
tatgttacta gatcggggac tagtaaggcc ggccgcttgg atccgctcecgg aggacagtac 2400
tcegetegga ggacagtact ccgcteggag gacagtactce cgctcgagga cagtactecg 2460
ctcggaggac agtactccga tceccgtcagat ctgcaagacc cttcectctat ataaggaagt 2520
tcatttcatt tggagaggac acgctgaacc atgaagacaa tacaggagca gcttccaaat 2580
gacttggtag aggagatact ctgtcgegtt ccggcaacat ctctgagacg tttacgatcg 2640
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acttgcaaag catggaaccg tttattcaaa ggtgatcgga tattagcaag taagcatttt 2700
gaaaaatccg caaaacagtt tagatctcta tcgttaagga atgattacag gatttttecg 2760
attagcttca atctccatgg aaatagtcca tctctagagce ttaaaagtga gctaatcgat 2820
cctcattcta agaattcage tgctccattc gaaatatctc gagtcattca ctgtgaggga 2880
ttgttgttgt gctcectcececa attggacgaa tctagagtceg tggtttggaa tectttaacce 2940
ggtgaaacca ggtggatcag aaccggcgat tttcgccaaa aaggccgtag ctttgatgte 3000
gggtactact accaaaaaga caagagatcc tggatcaaga gctacaaact cttgtgctat 3060
tatcgtggta ccaaatattt tgaaatctac gattttgact ctgattcatg gaggattctt 3120
gatgatatta tcgctccacg ggggagtatt ggatactcgg aacttagegt gtctctgaaa 3180
ggaaatactt actggttcgc taaaggtgta acagaagagc ggccccgcac catatcattg 3240
ctcaaatttg atttttatac agagaaatct gtacctgtgc ttcttcccta tcagagtcegt 3300
cgtcttttee aagctagtag cctttetgtt gttagagaag ataaactttce tgtgttattg 3360
cagctagatc aaagttccaa gactgagata tgggtgacaa atgtgattga tgagaccacc 3420
aaaggagcag tttcttggac caaggtctta gcattggatt tgagccctca tcecttcagatt 3480
gggaatgatg gaagtttctt cctaggcgag gataagaaag tcgtcatgtt ctgtgagaaa 3540
ttgattgatg agaacaaggt caaagacatg gtctacattg ttggggagga taatgttgtc 3600
acagaagtgg gatttggagt agatgaaatg gatggatgtc gggcagttat tcttaattat 3660
gttccaagtt tggttcaaat cgagcgagct ggaggcaaca ggaaaagagg gcactaagcyg 3720
gccgcectaggg catgtctaga agtccgcaaa aatcaccagt ctcetctcectac aaatctatcet 3780
ctctctattt ttctccagaa taatgtgtga gtagttccca gataagggaa ttagggttcet 3840
tatagggttt cgctcatgtg ttgagcatat aagaaaccct tagtatgtat ttgtatttgt 3900
aaaatacttc tatcaataaa atttctaatt cctaaaacca aaatccagtg actgcaggca 3960
tgcaagctta tcgataccgt cgacgattga tgcatgttgt caatcaattg gcaagtcata 4020
aaatgcatta aaaaatattt tcatactcaa ctacaaatcc atgagtataa ctataattat 4080
aaagcaatga ttagaatctg acaaggattc tggaaaatta cataaaggaa agttcataaa 4140
tgtctaaaac acaagaggac atacttgtat tcagtaacat ttgcagcttt tctaggtctg 4200
aaaatatatt tgttgcctag tgaataagca taatggtaca actacaagtg ttttactcct 4260
catattaact tcggtcatta gaggccacga tttgacacat ttttactcaa aacaaaatgt 4320
ttgcatatct cttataattt caaattcaac acacaacaaa taagagaaaa aacaaataat 4380
attaatttga gaatgaacaa aaggaccata tcattcatta actcttctcce atccatttce 4440
atttcacagt tcgatagcga aaaccgaata aaaaacacag taaattacaa gcacaacaaa 4500
tggtacaaga aaaacagttt tcccaatgcc ataatactca aactcagtag gattctggtg 4560
tgtgcgcaat gaaactgatg cattgaactt gacgaacgtt gtcgaaaccg atgatacgaa 4620
cgaaagctct agaggatcaa ttcgagctct taggtcgacc cacgtttgcce aaaaccaact 4680
cctgctetee ttttttgteg tgcttctact ctttcaggge ttggcaatce agttttttet 4740
tcgtacttet tttctaggge ctcectagectct tcacgaatge tatcaagaac ttgatccgte 4800
attctgtcaa agaagagaac tccctceccaga tggtcecgtatt cgtgctgaaa gattcgtgca 4860
ggtaaacgtyg atagactgat tgaaaatctt tcaccagtaa tatcccttgc atcaatcttg 4920
acagattgtg gtcgaacaac ttcagcatag atccccggga aggagaggca tcecttcatca 4980
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aacggtacta atttatcgga atatttcttg attttcggat ttacaaggac aatttctttt 5040
ccttectecag getctceccage tggattaaac accatgagtt gaacattgag acctacttgt 5100
ggtgctgaga gcccaatgce atcegttttg tacataacat caaacatagc atcaaccaag 5160
ttctttaaat tctcgtcaaa aatatcaatc ctettgttet tagcccgtag tataggatcce 5220
ggatactcaa caatcttcaa aggcgtctca aattgaacat cagtagctga agctacttta 5280
tcgtectttac gegagacgeg ctttacttcet gcgeggaccg aagatgtcag aggactggtce 5340
cggttcacag tagagcagaa cgtgaccgtg gatttgagec gaccataacc ggcagagaga 5400
gtagtagctc ggcgagataa aaccggtagg agtatgcgag agagtggtgg agcttggagg 5460
aagcagttac agacggctcc catggtggaa gtatttgaaa gaaaattaaa aataaaaaga 5520
tcegetegag gatccaaget tagatgagag atttcgattce cgattttgat ttcecgattcecg 5580
attttgattt cgattgatct cttccttcectg atttgtgttce cttatataag gaaattcttg 5640
tgggattaga cgtcatggct tacgtcattt ccttegtect gttgctcact gattgagetg 5700
tgagtggagg gaccactgga agatgcttca ctaattttct tagtggaggg accggcttca 5760
catgcttcac acaagtggct gtcgggcatc atctttttta gecttttgaca aagcaatgtt 5820
ttagtggtgg ctcccactcect tatcttcaac attattatct tatcttcaaa ggacgataag 5880
atgttgatgt ctgtggacga agttgggatt agacgtcatg gcttacgtca tttceccttegt 5940
cctgttgete actgattgag ctgtgagtgg agggaccact ggaagatgct tcactaattt 6000
tcttagtgga gggaccggcet tcectcatgett cacacaagtg gectgteggge atcatctttt 6060
ttagcttttg acaaagcaat gttttagtgg gggctcccac tcecttatcttce aacattatta 6120
tcttatctte aaaggacgat aagatgttga tgtctgtgga cgaagttgac gaatttcgac 6180
ctgcaggcat gcaagcttgg cgtaatcatg gtcatagetg tttcectgtgt gaaattgtta 6240
tcegectcaca attccacaca acatacgagce cggaagcata aagtgtaaag cctggggtgce 6300
ctaatgagtg agctaactca cattaattgc gttgcgctca ctgccecgctt tecagteggg 6360
aaacctgtcg tgccagctge attaatgaat cggccaacgce gcggggagag geggtttgeg 6420
tattgggcca aagacaaaag ggcgacattc aaccgattga gggagggaag gtaaatattg 6480
acggaaatta ttcattaaag gtgaattatc accgtcaccg acttgagcca tttgggaatt 6540
agagccagca aaatcaccag tagcaccatt accattagca aggccggaaa cgtcaccaat 6600
gaaaccatcg atagcagcac cgtaatcagt agcgacagaa tcaagtttgc ctttagegtce 6660
agactgtagc gcgttttcat cggcatttte ggtcatagec ceccttattag cgtttgccat 6720
cttttcataa tcaaaatcac cggaaccaga gccaccaccg gaaccgcecte cctcagagece 6780
gecaccctea gaaccgccac cctcagagcece accaccctca gagccgecac cagaaccace 6840
accagagcceg ccgccagcat tgacaggagg cecgatctag taacatagat gacaccgcge 6900
gcgataattt atcctagttt gcgecgctata ttttgtttte tatcgcgtat taaatgtata 6960
attgcgggac tctaatcata aaaacccatc tcataaataa cgtcatgcat tacatgttaa 7020
ttattacatg cttaacgtaa ttcaacagaa attatatgat aatcatcgca agaccggcaa 7080
caggattcaa tcttaagaaa ctttattgcc aaatgtttga acgatcgggg atcatccggg 7140
tctgtggegg gaactccacyg aaaatatccg aacgcagcaa gatatcgcgg tgcatctegg 7200
tcttgectgg gecagtcgeceg ccgacgecgt tgatgtggac geccgggccceg atcatattgt 7260
cgctcaggat cgtggcgttg tgecttgtcgg ccgttgetgt cgtaatgata tceggcacctt 7320
cgaccgectyg ttceegecagag atccegtggg cgaagaacte cagcatgaga tcccegeget 7380



49

US 9,212,373 B2

-continued

50

ggaggatcat ccagccggeg tcccggaaaa
cggeggtgga atcgaaatct cgtgatggea
accccagagt ccegetcaga agaactegte
atcgggageg gcgatacegt aaagcacgag
ttcagcaata tcacgggtag ccaacgctat
gecacagtceg atgaatccag aaaagcggec
atcgccatgg gtcacgacga gatcategece
cagttegget ggegegagece cctgatgete
ggctteccate cgagtacgtg ctegetegat
ggtagcegga tcaagcegtat gcagccgecg
ggcaggagca aggtgagatg acaggagatc
gtcecttece gettcagtga caacgtegag
cagccacgat agccgegetg cctegtectg
cttgacaaaa agaaccggge geccctgege
gecgattgte tgttgtgcce agtcatagec
acctgegtge aatccatett gttcaatcat
ttggattgag agtgaatatg agactctaat
gtggagcatt tttgacaaga aatatttgct
cgcegcaataa tggtttetga cgtatgtget
gagtggctce ttcaacgttg cggttetgte
tcatcggegyg gggtcataac gtgacteccct
<210> SEQ ID NO 5

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: corn
<400> SEQUENCE: 5

gttgtagaag gacgcgatgg a

<210> SEQ ID NO 6

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: corn
<400> SEQUENCE: 6

caggtacaag agcgtcatge a

<210> SEQ ID NO 7

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: corn

<400> SEQUENCE: 7

teectgttece getgggetge

cgattccgaa

ggttgggegt

aagaaggcga

gaagcggtca

gtcetgatag

attttccacc

gtcgggcatg

ttcgtccaga

gegatgttte

cattgcatca

ctgeccecegge

cacagctgeg

cagttcatte

tgacagccgyg

gaatagcctce

gcgaaacgat

tggataccga

agctgatagt

tagctcatta

agttccaaac

taattcteeg

gcccaaccett tcatagaagg

cgettggteyg gtcatttega

tagaaggcga tgcgctgega

geccattege cgecaagete

cggteegeca cacccagecg

atgatattcg gcaagcaggce

cgegecttga gectggcegaa

tcatcctgat cgacaagacc

gettggtggt cgaatgggca

gccatgatgg atactttcete

acttcgccca atagcageca

caaggaacgc ccgtegtgge

agggcaccgg acaggtceggt

aacacggcegg catcagagca

tccacccaag cggccggaga

ccagatcegg tgcagattat

ggggaattta tggaacgtca

gaccttagge gacttttgaa

aactccagaa acccgegget

gtaaaacggce ttgtccegeg

ctcatgatce

7440

7500

7560

7620

7680

7740

7800

7860

7920

7980

8040

8100

8160

8220

8280

8340

8400

8460

8520

8580

8629

21

21

20
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-continued
<210> SEQ ID NO 8
<211> LENGTH: 24
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: isolated from an adnovirus

<400> SEQUENCE: 8

tatataatgg atcccegggt accg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 9

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Corn

<400> SEQUENCE: 9

cgteectgee ctttgtacac

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 10

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: corn

<400> SEQUENCE: 10

acacttcacc ggaccattca a

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 11

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: corn

<400> SEQUENCE: 11

cecgecegteg ctectaceg

24

20

21

19

What is claimed is:

1. A gene expression system for controllably inhibiting the
accumulation in a plant cell of ethylene inducible proteins
comprising:

an activation cassette comprising, under control of a con-

stitutive G10-90 promoter and in operative association
therewith, (a) a GAL 4 DNA-binding domain (DBD)
that recognizes a response element comprising five cop-
ies of GALA4 response element; (b) an ecdysone receptor
ligand binding domain (EcRLBD); and (¢) a VP16 acti-
vation domain (AD) which is activated in the presence of
an inducing composition; and

a target cassette comprising (d) an inducible promoter

comprising, in operative association, the five copies of
the GAL 4 response element to which the DBD of (a)
binds and the minimal 35 S promoter responsive to acti-
vation of the VP16 AD, the inducible promoter control-
ling expression of (e) a nucleic acid sequence that
encodes an ETP1 or ETP2 protein;

said activation cassette and the target cassette in operative

association to enable interaction, when in a plant cell,
with an inducing composition, to controllably increase
expression of the ETP1 or ETP2 protein to inhibit the
accumulation of the EIN2 gene product in the plant in
the presence of ethylene, the inhibition of said accumu-
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lation in EIN2 protein expression controllable by the
timing, the concentration, and the duration of the appli-
cation of the inducing composition.
2. The system according to claim 1, wherein the activation
cassette and the target cassette are present on the same plas-
mid.
3. The system according to claim 1, wherein the activation
cassette and the target cassette are present on separate plas-
mids.
4. The system according to claim 1, wherein the ecdysone
receptor ECRLBD comprises all or a portion of an inverte-
brate ecdysone receptor or mutant thereof.
5. A composition comprising a transgenic plant cell, a
transgenic plant tissue or organ, or a transgenic plant that
stably expresses the gene expression system of claim 1.
6. A method for producing a transgenic plant comprising:
(a) transforming at least one cell in the plant with the gene
expression system of claim 1;

(b) generating a plant from the transformed plant cell; and

(c) selecting a plant comprising a transformed plant cell,
which plant demonstrates ethylene insensitivity when
the plant is contacted with an inducing composition in
the presence of ethylene, the modulation controlled by
the timing, the concentration, and the duration of the
application of the inducing composition.
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7. A method for modulating ethylene sensitivity in a plant
comprising:

applying an inducing composition to the cells of a trans-

genic plant, the plant comprising cells that stably
express the gene expression system of claim 1, the tim-
ing, concentration or duration of said inducing compo-
sition allowing overexpression of the regulatory protein
to decrease or inhibit the accumulation of an ethylene
inducible signal protein in a plant cell in the presence of
ethylene.

8. The method according to claim 7, wherein the inducing
composition is a diacylhydrazine compound.

9. The method according to claim 7, wherein the ethylene
sensitivity that is controlled is selected from the group con-
sisting of senescence, fruit ripening, stress response, germi-
nation, pathogen resistance, leaf abscission, flower abscis-
sion, bud abscission, boll abscission, fruit abscission,
flowering, and responses to drought, heat, population density
and salinity.

10. A gene expression system for controllably inhibiting
the accumulation in a plant cell of ethylene inducible proteins
comprising:

an activation cassette comprising, under control of a con-

stitutive promoter and in operative association there-
with, (a) a GAL 4 DNA-binding domain (DBD) that
recognizes a selected response element; (b) an ecdysone
receptor ligand binding domain (EcRLBD); and (c) a
VP16 activation domain (AD) which is activated in the
presence of an inducing composition; and

10
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a target cassette comprising (d) an inducible promoter
comprising, in operative association, a response element
to which the DBD of (a) binds and a minimal promoter
responsive to the AD of (c), the inducible promoter
controlling expression of (e) a nucleic acid sequence that
encodes an ETP1 regulatory protein that upon expres-
sion operates to decrease the expression of the EIN2
gene product;

said activation cassette and the target cassette in operative
association to enable interaction, when in a plant cell,
with an inducing composition, to controllably increase
expression of the regulatory protein to inhibit the accu-
mulation of the EIN2 gene product in the plant in the
presence of ethylene, the inhibition of said accumulation
in EIN2 protein expression controllable by the timing,
the concentration, and the duration of the application of
the inducing composition.

11. A method for modulating ethylene sensitivity in a plant

comprising:

applying an inducing composition to the cells of a trans-
genic plant under stress, the plant comprising cells that
stably express the gene expression system of claim 10,
the timing, concentration or duration of said inducing
composition allowing overexpression of the regulatory
protein to decrease or inhibit the accumulation of an
ethylene inducible signal protein in a plant cell in the
presence of ethylene.
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